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PROBLEM 


Set 9 


MORE THAN ONE OPTION CORRECT 


a. 


A diminished image of an object is to be obtained 
on a screen 1 m away from it. This can be achieved 
by approximately placing 

(a) aconvex mirror of suitable focal length 

(b) aconcave mirror of suitable focal length 

(c) aconvex lens of focal length less than 0.25 m 
(d) aconcave lens of suitable focal length. 


Two lenses, one concave and the other convex of 

same power are placed such that their principal 

axis coincide. If the separation between the lenses 

is x, then 

(a) real image is formed for x = 0 only 

(b) real image is formed for all values of x 

(c) system will behave like a glass plate for x = 0 

(d) virtual image is formed for all values of x 
other than zero. 


SINGLE OPTION CORRECT 


A solid ball of radius 0.2 m 
and mass 1 kg lying at rest 
on a smooth horizontal 
surface is given an 
instantaneous impulse 
of 50 N s at point P as 
shown. The number of 


rotations made by the ball 
about its diameter before 
hitting the ground is 
62543 ? 2500/3 
(a) 2m 20 


PHYSICS FOR YOU | APRIL ‘14 


? 1250/3 
2T (d) 2T 


The coefficient of friction between ground and 
sphere is u. The maximum value of F, so that 
sphere will not slip, is equal to 


(a) Z umg 
5 
4 
(b) hing 
(c) 5 umg 
7 


7 
(d) eng 
A disc of radius R is spun 


to an angular speed @ọo 
about its axis and then 
imparted a horizontal 


velocity of magnitude 
R 
“= (at t = 0) with its 


plane remaining vertical. 


The coefficient of friction between the disc and 
the plane is u. The sense of rotation and direction 
of its linear speed are shown in the figure. Choose 


the correct statement. 

(a) Disc will start rolling without slipping in the 
direction of vo 

(b) Slipping will never be ceased 

(c) Disc will return to initial point 

(d) None of these 


Two long parallel wires carry equal current I 
flowing in the same direction are at a distance 
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The average ocean floor is about 3,600 m deep. 

Sunlight can penetrate clean ocean water to a depth of 73 m. 
Due to gravitational effects, you weigh slightly less when the 
Moon is directly overhead. 

When glass breaks, the cracks move at speeds of more than 
4,500 km h1. 

On a clear day, beam of sunlight can be reflected off a mirror and 
seen up to 40 km away. 

There is enough fuel in a full tank of a jumbo jet to drive an 
average car around the world four times. 

On average, our bodies constantly resist an atmospheric pressure 
of about 1 kg per square cm. 
The deepest location on Earth is Mariana Trench, about 11 km 
deep in the North Pacific ocean. 
If Mount Everest were placed a 
of the ocean, its peak would stil 


the bottom of the deepest part 
be a mile under water. 


Many physicists believe wormholes (a shortcut through space 
and time) exist all around us but they are smaller than atoms. 

If you yelled for 8 years, 7 months and 6 days, you would have 
produced just enough sound energy to heat up one cup of 
coffee. 

Minus 40 degrees Celsius is exactly the same temperature as minus 
40 degrees Fahrenheit. 

Mexico City is sinking at a rate of 46 cm per year as a result of 
draining water. 

The oldest and largest clearly visible meteorite crater site in the 
world is The Vredefort Dome in Free State, South Africa. It is 
380 km across. 

The greatest tide change on earth occurs in the Bay of Fundy. 
The difference between low tide and high tide can be as great as 
6.6 m. 

The average ice berg weighs 20,000,000 tons. 

Lightning strikes about 6,000 times per minute on our planet. 


The Moon is moving away from the Earth 3.8 cm every year. 


The entire surface area of Pluto is smaller than Russia. 


95% of all matter in the universe is invisible, and is called the Dark 
Matter. 


Proxima Centauri is the nearest star to us after the Sun. 


A supermassive blackhole is believed to be present in the centre of 
nearly every galaxy, including our own Milky Way. 


All 27 of Uranus moons are named after William Shakespeare and 
Alexander Pope characters. 
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© DO YOU KNOW? 


10. 


2d apart. The magnetic field B at a point lying on 
the perpendicular line joining the wires and at a 


distance x from the midpoint is 


Uọold Uplx 
“i A x) b) de- x?) 

Uolx Uold 
Ome Vea 


A bullet of mass 0.01 kg, travelling at a speed of 
500 m s-!, strikes a block of mass 2 kg, which is 
suspended by a string of length 5 m, and emerges 
out. The block rises by a vertical distance of 0.1 m. 
The speed of the bullet after it emerges from the 
block is 

(a) 55ms! 
(c) 220ms1 


(b) 110 m s 
(d) 440 m s”. 


An electron of mass m moving with a velocity 
v collides head on with an atom of mass M. As 
a result of the collision a certain fixed amount 
of energy AE is stored internally in the atom. 
The minimum initial velocity possessed by the 
electron is 


2(M —m)AE 2MAE 

(a) Mm (b) (M+m)m 
2(M + m)AE 

ON Mm (d) none of these 


A straight rod of length L extends from x = a to 
x=L+a. The gravitational force exerted on a point 
mass m at x = 0 if the mass per unit length of the 
rod is A + Bx?, is 


(a) cm = -2-1 
a+L a 

(b) cn| A A BL 
a a+L 

(c) cnf A -4-a 
a+L a 

(d) cm2- A -Br | 
a a+L 


An artificial satellite moving in a circular orbit 
around the earth has a total energy (K.E. + P.E.) = Eo. 
Its potential energy is 
(a) -Eo 
(c) 2Eo 


(b) 1.5Ep 
(d) Eo. 
Be 


Volume 
Volume 
Volume 
Volume 
Volume 
Volume 
Volume 
Volume 
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UNITS AND DIMENSIONS 


1. Using the expression 2dsin® = A, one calculates 
the values of d by measuring the corresponding 
angles 0 in the range 0 to 90°. The wavelength A is 
exactly known and the error in 9 is constant for all 
values of 0. As 0 increases from 0°, 

(a) the absolute error in d remains constant. 

(b) the absolute error in d increases. 

(c) the fractional error in d remains constant. 

(d) the fractional error in d decreases. (2013) 

2. Match List I with List II and select the correct 
answer using the codes given below the lists: 


List I List II 
P. | Boltzmann constant 1. | [MLI] 
Q. | Coefficient of viscosity 2. | [MLT 
R. | Planck constant 3. | [MLTK7] 
S. | Thermal conductivity 4. | [ML?T?K7}] 
Codes : 

P Q R S 
(a) 3 1 2 4 
b) 3 2 1 4 
() 4 2 1 3 
(d)4 1 2 3 (2013) 

MOTION IN A PLANE 
3. A small block is z 

connected to one end v 
ofamasslessspringof 


45° 
un-stretched length Oe pp 7” 
4.9 m. The other end Wim 


of the spring (see the figure) is fixed. The system 
lies on a horizontal frictionless surface. The block 
is stretched by 0.2 m and released from rest at 
t=0. It then executes simple harmonic motion with 


angular frequency œ= ; rad/s. Simultaneously 


at t = 0, a small pebble is projected with speed 
v from point P at an angle of 45° as shown in 
the figure. Point P is at a horizontal distance of 
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CAI) JEE FINAL TOUCH 


Last 3 Years Chapterwise Questions 


CLASS-11 


10 m from O. If the pebble hits the block at 
t=1 s, the value of v is (Take g = 10 m/s?) 


(a) 50 m/s (b) 51 m/s 
(c) 52 m/s (d) 53 m/s (2012) 


LAWS OF MOTION 


Paragraph for Questions 4 and 5 
A small block of mass 1 kgis y 
released from rest at the top 
of a rough track. The track 
is a circular arc of radius 40 
m. The block slides along the 
track without toppling and 
a frictional force acts on it in 
the direction opposite to the 
instantaneous velocity. The work done in overcoming 
the friction up the point Q, as shown in the figure 
below, is 150 J. (Take the acceleration due to gravity, 
g=10ms7) 


E Saari 


O x 


4, The magnitude of the normal reaction that acts on 
the block at the point Q is 


(a) 75N (b) 86N (©) 11.5N(d) 22.5N 


5. The speed of the block when it reaches the point 
Qis 
(a) 5ms! (b) 10 ms“! 
(c) 10/3 ms! (d) 20 ms! (2013) 


6. A small block of mass of 0.1 kg lies on a fixed 
inclined plane PQ which makes an angle 9 with the 
horizontal. A horizontal 
force of 1 N acts on the Q 
block through its center 
of mass as shown in 


the figure. The block 

remains stationary if DS 

(take g = 10 m/s?) O P 

(a) 0=45° 

(b) 0> 45° and a frictional force acts on the block 
towards P. 

(c) 0> 45° and a frictional force acts on the block 
towards Q. 

(d) 0 <45° and a frictional force acts on the block 
towards Q. (2012) 
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A ball of mass (m) 0.5 kg is 
attached to the end of a string 
having length (L) 0.5 m. The ball 
is rotated on a horizontal circular 
path about vertical axis. The 
maximum tension that the string 
can bear is 324 N. The 

maximum possible value of angular velocity of 
ball (in radian/s) is 
(a) 9 

(c) 27 


m 


(b) 18 
(d) 36 


A block is moving on an inclined plane making an 
angle 45° with the horizontal and the coefficient 
of friction is u. The force required to just push it 
up the inclined plane is 3 times the force required 
to just prevent it from sliding down. If we define 
N= 10, then N is (Integer Answer Type, 2011) 


A ball of mass 0.2 kg rests 
on a vertical post of 
height 5 m. A bullet of 
mass 0.01 kg, travelling 
with a velocity V m/s in 
a horizontal direction, 
hits the centre of the ball. i i 
After the collision, 0 20 100 
the ball and bullet travel independently. The ball 
hits the ground at a distance of 20 m and the bullet 
at a distance of 100 m from the foot of the post. 
The initial velocity V of the bullet is 


(a) 250 m/s (b) 250V2 m/s 
(c) 400 m/s (d) 500 m/s 


(2011) 


m/s 


(2011) 


WORK, ENERGY AND POWER 


10. 


11. 


10 


The work done on a particle of mass m by a 
x a 


1+ 
3/2 
(x+y?) (x? +y?) 
constant of appropriate dimensions), when the 
particle is taken from the point (a, 0) to the point 
(0, a) along a circular path of radius a about the 
origin in the x-y plane is 


force, K aa! (K being a 


a2 (b) AX 
a 

© 2 (d) 0 (2013) 
2a 


A particle of mass m is projected from the ground 
with an initial speed up at an angle a with the 
horizontal. At the highest point of its trajectory, 
it makes a completely inelastic collision with 
another identical particle, which was thrown 
vertically upward from the ground with the same 
initial speed uo. The angle that the composite 
system makes with the horizontal immediately 
after the collision is 
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asja 


(c) ~-a (d) (2013) 


2 


. A pulse of light of duration 100 ns is absorbed 


completely by a small object initially at rest. Power 
of the pulse is 30 mW and the speed of light is 
3 x 108 ms“!. The final momentum of the object is 
(a) 0.3 x 10-17 kg ms (b) 1.0 x 10717 kg ms“! 
(c) 3.0 x 10-17 kg ms! (d) 9.0 x 10-17 kg ms“! 
(2013) 


. A bob of mass m, suspended by a string of length J, 


is given a minimum velocity required to complete 
a full circle in the vertical plane. At the highest 
point, it collides elastically with another bob of 
mass m suspended by a string of length l}, which 
is initially at rest. Both the strings are mass-less 
and inextensible. If the second bob, after collision 
acquires the minimum speed required to complete 


l 
a full circle in the vertical plane, the ratio is 


2 
(Integer Answer Type, 2013) 


. A particle of mass 0.2 kg is moving in one 


dimension under a force that delivers a constant 
power 0.5 W to the particle. If the initial speed 
(in ms“) of the particle is zero, the speed (in ms!) 


after 5 s is (Integer Answer Type, 2013) 
. A block of 
mass 0.18 kg 


is attached to a 
spring of force- 
constant 2 N/m. 
The coefficient of friction between the block and 
the floor is 0.1. Initially the block is at rest and the 
spring is unstretched. An impulse is given to the 
block as shown in the figure. The block slides a 
distance of 0.06 m and comes to rest for the first 
time. The initial velocity of the block in m/s is V = 
N/10. Then N is 


(Integer Answer Type, 2011) 


SYSTEM OF PARTICLES AND 
ROTATIONAL MOTION 


16. 


A uniform circular disc of mass 50 kg and radius 
0.4 m is rotating with an angular velocity of 
10 rad s! about its own axis, which is vertical. 
Two uniform circular rings, each of mass 6.25 kg 
and radius 0.2 m, are gently placed symmetrically 
on the disc in such a manner that they are 
touching each other along the axis of the disc and 
are horizontal. Assume that the friction is large 
enough such that the rings are at rest relative to 
the disc and the system rotates about the original 
axis. The new angular velocity (in rad s7!) of the 


system is (Integer Answer Type, 2013) 


JEE 


PHYSICS 
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18. 


19. 


20. 


A small mass m is attached to a 
massless string whose other end 
is fixed at P as shown in the figure. 
The mass is undergoing circular 
motion in the x-y plane with centre _, 
at O and constant angular speed œ. 
If the angular momentum of the 
system, calculated about O and P are denoted by 
o and Lp respectively, then 

(a) Lo and Lp do not vary with time. 


(b) Lo varies with time while Lp remains 
constant. 


(c) Lo remains constant while L, varies with 
time. 

(d) Lo and Lp both vary with time. (2012) 

A thin uniform rod, pivotedat źŽ 

O, is rotating in the horizontal 

plane with constant angular 2 E 


speed œ, as shown in the O 

figure. 

At time t = 0, a small insect 

starts from O and moves with constant speed v 
with respect to the rod towards 

other end. It reaches the end of the rod at t= T and 
stops. The angular speed of the system remains œ 
throughout. The magnitude of the torque (171) 
on the system about O, as a function of time is 
best represented by which plot? 


t 
(2012) 


On 


Alaminais made by removing 
a small disc of diameter 2R 
from a bigger disc of uniform 
mass density and radius 2R, 
as shown in the figure. The 
moment of inertia of this 
lamina about 

axes passing through O and P is Io and Ip 
respectively. Both these axes are perpendicular 


m to the 
nearest integer is Q 
(Integer Answer Type, 2012) 


to the plane of the lamina. The ratio 


Two identical discs of same radius R are rotating 
about their axes in opposite directions with the 
same constant angular speed w. The discs are 
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21, 


in the same horizontal plane. At time t = 0, the 
points P and Q are facing each other as shown 
in the figure. The relative speed between the two 
points P and Q is v,. In one time period (T) of 
rotation of the discs, v, as a function of time is best 


represented by 
NH 
PQ 


(d) (2012) 


0 T 
Consider a disc y w 
rotating in the l \\ 
horizontal plane ee 

with a constant 

angular speed @ 

about its centre 

O. The disc has a 

shaded region on one side of the diameter and an 
unshaded region on the other side as shown in 
the figure. 

When the disc is in the orientation as shown, two 
pebbles P and Q are simultaneously projected at 
an angle towards R. The velocity of projection is 
in the y-z plane and is same for both pebbles with 
respect to the disc. Assume that (i) they land back 


on the disc before the disc has completed ; rotation, 


(ii) their range is less than half the disc radius, and 

(iii) @ remains constant throughout. Then 

(a) P lands in the shaded region and Q in the 
unshaded region 

(b) P lands in the unshaded region and Q in the 
shaded region 

(c) both P and Q land in the unshaded region 

(d) both P and Q land in the shaded region 

(2012) 


Paragraph for Questions 22 and 23 

The general motion of a rigid body can be considered 
to be a combination of (i) a motion of its centre of mass 
about an axis, and (ii) its motion about an instantaneous 
axis passing through the centre of mass. These axes 
need not be stationary. Consider, for example, a thin 
uniform disc welded (rigidly fixed) horizontally at its 
rim to a massless stick, as shown in the figure. When 
the disc-stick system is rotated about the origin on a 
horizontal frictionless plane with angular speed «, the 
motion at any instant can be taken as a combination 
of (i) a rotation of the centre of mass of the disc about 
the z-axis, and (ii) a rotation of the disc through an 
instantaneous vertical axis passing through its centre 
of mass (as is seen from the changed orientation of 
points P and Q). Both these motions have the same 
angular speed in this case. 


Now consider two similar systems as shown in the 
figure: Case (a) the disc with its face vertical and parallel 
to x-z plane; Case (b) the disc with its face making an 
angle of 45° with x-y plane and its horizontal diameter 
parallel to x-axis. In both the cases, the disc is welded 
at point P, and the systems are rotated with constant 


angular speed œ about the z-axis. 
Q 
, 
P my 


z Q z 
(0) o 
P me n 
ue Case (b) 


a Case (a) 

22. Which of the following statements about the 
instantaneous axis (passing through the same 
centre of mass) is correct? 

(a) It is vertical for both the cases (a) and (b). 

(b) It is vertical for case (a); and is at 45° to the 
x-z plane and lies in the plane of the disc for 
case (b). 

(c) It is horizontal for case (a); and is at 45° to 
the x-z plane and is normal to the plane of the 
disc for case (b). 

(d) Itis vertical for case (a); and is at 45° to the x-z 
plane and is normal to the plane of the disc 
for case (b). 


23. Which of the following statements regarding 
the angular speed about the instantaneous axis 
(passing through the centre of mass) is correct? 


(a) Itis J/2@ for both the cases. 
0) 


V2 
(c) Itis for case (a); and V20 for case (b). 
(d) It is œ for both the cases. (2012) 


(b) It is œ for case (a); and for case (b). 


24. The figure shows a system consisting of (i) a ring of 
outer radius 3R rolling clockwise without slipping 
on a horizontal surface with angular speed œ 
and (ii) an inner disc of radius 2R rotating anti- 
clockwise with angular speed w/2. The ring and 
disc are separated by frictionless ball bearings. 
The system is in the x-z plane. The point P on the 
inner disc is at a distance R from the origin, where 
OP makes an angle of 30° with the horizontal. 
Then with respect to the horizontal surface, 


(a) the point O has a linear velocity aha 
(b) the point P has a linear velocity 


u Roi + v3 Rok 
4 4 
(c) the point P has a linear velocity 
— Roi - 8 kok 
4 4 
(d) the point P has a linear velocity 
[>- 2 hoi «Rok (2012) 
4 4 
25. Two solid cylinders P and Q of same mass and 
same radius start rolling down a fixed inclined 
plane from the same height at the same time. 
Cylinder P has most of its mass concentrated 
near its surface, while Q has most of its mass 
concentrated near the axis. Which statement(s) 
is(are) correct? 
(a) Both cylinders P and Q reach the ground at 
the same time. 
(b) Cylinder P has larger linear acceleration than 
cylinder Q. 
(c) Both cylinders reach the ground with same 
translational kinetic energy. 
(d) Cylinder Q reaches the ground with larger 


angular speed. (2012) 


26. Aboy is pushing a ring 
of mass 2 kg and radius 
0.5 m with a stick as 
shown in the figure. 
The stick applies a force 
of 2 N on the ring and 
rolls it without slipping 
with an acceleration of 
0.3 m/s?. 


Stick 


LZ 
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The coefficient of friction between the ground and 
the ring is large enough that rolling always occurs 
and the coefficient of friction between the stick 
and the ring is (P/10). The value of P is 


(Integer Answer Type, 2011) 


. Four solid spheres each of diameter ./5 cm and 


mass 0.5 kg are placed with their centers at the 
corners of a square of side 4 cm. The moment of 
inertia of the system about the diagonal of the 
square is N x 1074 kg-m?, then N is 

(Integer Answer Type, 2011) 


. A thin ring of mass 2 kg and radius 0.5 m is rolling 


without slipping on a horizontal plane with velocity 
1 m/s. A small ball of mass 0.1 kg, moving with 
velocity 20 m/s in the opposite direction, hits the 
ring at a height of 0.75 m and goes vertically up with 
velocity 10 m/s. Immediately after the collision 


10 m/s 
20 m/s 


a ae 


(a) the ring has pure rotation about its stationary 
CM. 

(b) the ring comes to a complete stop. 

(c) friction between the ring and the ground is to 

the left. 

there is no friction between the ring and the 

ground. (2011) 


GRAVITATION 


29, 


Two bodies, each of mass M, are kept fixed with 

a separation 2L. A particle of mass m is projected 

from the midpoint of the line joining their centres, 

perpendicular to the line. The gravitational 

constant is G. The correct statement(s) is (are) 

(a) The minimum initial velocity of the mass m 
to escape the gravitational field of the two 

GM 

VL’ 

(b) The minimum initial velocity of the mass m 
to escape the gravitational field of the two 

GM 

NL’ 

(c) The minimum initial velocity of the mass m 
to escape the gravitational field of the two 

2GM_ 

L 


bodies is 4 


bodies is 2 


bodies is 


(d) The energy of the mass m remains constant. 
(2013) 


. Two spherical planets P and Q have the same 


uniform density p, masses Mp and Mg, and 
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surface areas A and 4A, respectively. A spherical 
planet R also has uniform density p and its mass is 
(Mp + Mg). The escape velocities from the planets 
P, Q and R are Vp, Vo and Vp, respectively. Then 


(a) Vo >Vr> Vp (b) Vr > Vo > Vp 


g tas 


(d) Ve = (2012) 
Vp Vo 


2 


. A satellite is moving with a constant speed V in a 


circular orbit about the earth. An object of mass 
m is ejected from the satellite such that it just 
escapes from the gravitational pull of the earth. 
At the time of its ejection, the kinetic energy of the 
object is 


(a) =mvV? (b) mV 


(@&) =mv* (d) 2mv2 


(2011) 


MECHANICAL PROPERTIES OF SOLIDS 


32. 


One end of a horizontal thick copper wire of length 
2L and radius 2R is welded to an end of another 
horizontal thin copper wire of length L and radius 
R. When the arrangement is stretched by applying 
forces at two ends, the ratio of the elongation in the 
thin wire to that in the thick wire is 

(a) 0.25 (b) 0.50 


(c) 2.00 (d) 4.00 (2013) 


MECHANICAL PROPERTIES OF FLUIDS 


33. 


A solid sphere of radius R and density p is attached 
to one end of a mass-less spring of force constant 
k. The other end of the spring is connected to 
another solid sphere of radius R and density 3p. 
The complete arrangement is placed in a liquid of 
density 2p and is allowed to reach equilibrium. 
The correct statement(s) is (are) 


3 
(a) the net elongation of the spring is es . 


3 

(b) the net elongation of the spring is BnR pg . 
3k 

(c) the light sphere is partially submerged. 

(d) the light sphere is completely submerged. 


(2013) 


. A thin uniform cylindrical shell, closed at both 


ends, is partially filled with water. It is floating 
vertically in water in half-submerged state. If pe 
is the relative density of the material of the shell 
with respect to water, then the correct statement is 
that the shell is 
(a) more than half-filled if p, is less than 0.5 
(b) more than half-filled if p, is more than 1.0 
(c) half-filled if p, more than 0.5 
(d) less than half-filled if p,is less than 0.5 

(2012) 


35. 


Two solid spheres A and B of equal 
volumes but of different densities O 
dą and dg are connected by a 

string. They are fully immersed 

in a fluid of density dp. They get (B) 
arranged into an equilibrium state 

as shown in the figure with a tension in the string. 
The arrangement is possible only if 

(a) da<dr (b) dg> de 

(c) da> dp (d) da +dg=2dp (2011) 


THERMAL PROPERTIES OF MATTER 


36. 


37 


38. 


Two rectangular blocks, having identical dimensions, 
can be arranged either in configuration I or in 
configuration II as shown in the figure. One of 
the blocks has thermal conductivity k and the 
other 2x. The temperature difference between 
the ends along the x-axis is the same in both the 
configurations. It takes 9 s to transport a certain 
amount of heat from the hot end to the cold end 
in the configuration I. The time to transport the 
same amount of heat in the configuration II is 


Configuration II 


(b) 3.0s 
(d) 6.0s (2013) 


The figure below shows the variation of specific 
heat capacity (C) of 
a solid as a function 
of temperature (T). 
The temperature is 
increased contin- 
uously from 0 to 
500 K at a constant 
rate. Ignoring any 
volume change, the following statement(s) is (are) 
correct to a reasonable approximation. 

(a) The rate at which heat is absorbed in the range 
0-100 K varies linearly with temperature T. 
Heat absorbed in increasing the temperature 
from 0-100 K is less than the heat required for 
increasing the temperature from 400-500 K. 
(c) There is no change in the rate of heat 

absorption in the range 400-500 K. 

(d) The rate of heat absorption increases in the 
range 200-300 K. (2013) 


Three very large plates of same area are kept 
parallel and close to each other. They are 
considered as ideal black surfaces and have very 
high thermal conductivity. The first and third 
plates are maintained at temperatures 2T and 3T 
respectively. The temperature of the middle 
(i.e. second) plate under steady state condition is 


100 200 300 400 500 
T(K) 


(b) 


39. 


40. 


Hir (2012) 


(97 


A composite 
block is made 
of slabs A, B, 
C, D and E of 
differentthermal 
conductivities 
(given in terms 
of a constant K) and sizes (given in terms of 
length, L) as shown in the figure. All slabs are of 
same width. Heat Q flows only from left to right 
through the blocks. Then in steady state 
(a) heat flow through A and E slabs are same. 
(b) heat flow through slab E is maximum. 
(c) temperature difference across slab E is smallest. 
(d) heat flow through C = heat flow through B 

+ heat flow through D. 


(2011) 


Steel wire of length L at 40°C is suspended from 
the ceiling and then a mass m is hung from its free 
end. The wire is cooled down from 40°C to 30°C 
to regain its original length L. The coefficient of 
linear thermal expansion of the steel is 10-75/°C, 
Young’s modulus of steel is 101! N/m? and radius 
of the wire is 1 mm. Assume that L >> diameter of 
the wire. Then the value of m in kg is nearly 
(Integer Answer Type, 2011) 


THERMODYNAMICS 


41. 


42. 


Two moles of ideal helium gas are in a rubber 
balloon at 30°C. The balloon is fully expandable 
and can be assumed to require no energy in its 
expansion. The temperature of the gas in the 
balloon is slowly changed to 35°C. The amount of 
heat required in raising the temperature is nearly 
(Take R = 8.31 J/mol.K) 

(a) 62J (b) 104J 

(c) 124J (d) 208J (2012) 


5.6 liter of helium gas at STP is adiabatically 
compressed to 0.7 liter. Taking the initial tempe- 
rature to be Tj, the work done in the process is 


9 3 
eae (b) SRT 
15 9 
eg id) SRi (2011) 


KINETIC THEORY 


43. 


Two non-reactive monoatomic ideal gases have 
their atomic masses in the ratio 2 : 3. The ratio of 
their partial pressures, when enclosed in a vessel 
kept at a constant temperature, is 4 : 3. The ratio 
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44, 


45. 


46. 


of their densities is 
(a) 1:4 (b) 1:2 
(c) 6:9 (d) 8:9 (2013) 


One mole of a monatomic ideal gas is taken 
along two cyclic processes E > F > G > E and 
E > F > H > Eas shown in the PV diagram. The 
processes involved are purely isochoric, isobaric, 
isothermal or adiabatic. 


Match the paths pa 
in List I with the IP hares 
magnitudes of 
the work done 
in List I and 
select the correct 
answer using pf- 
the codes given 
below the lists. 

List I List II 
P. G>E 1. |160 PoVo In2 
Q. G>H 2. 136 PoVo 
R. F>H 3. 124 PoVo 
S. F>G 4. |31 PoVo 
Codes : 

P Q R S 
(a) 4 3 2 1 
b) 4 3 1 2 
(c) 3 1 2 4 
(dd 1 3 2 4 (2013) 


A mixture of 2 moles of helium gas (atomic 
mass = 4 amu) and 1 mole of argon gas (atomic 
mass = 40 amu) is kept at 300 K in a container. The 


ratio of the rms speeds Ea) is 


Ups (argon) 
(a) 0.32 (b) 0.45 
(c) 2.24 (d) 3.16 (2012) 


One mole of a monatomic ideal gas is taken 
throughacycleABCDA PA, , 

as shown in the P-V iB A 
diagram. Column HN =) 
gives the characteristics 
involved in the cycle. 
Match them with each 
of the processes given 


1V_3V 


in column I. 
Column I Column II 
(A) Process A—>B | (p) | Internal energy decreases. 
(B) | Process BC (q) | Internal energy increases. 
(C) | ProcessC-—>D | (r) | Heat is lost. 
(D) | ProcessD—> A | (s) | Heat is gained. 
(t) | Workis done on the gas. 


16 


(2011) 
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OSCILLATIONS 


47. 


48. 


49. 


A particle of mass m is attached to one end of a 
mass-less spring of force constant k, lying on a 
frictionless horizontal plane. The other end of 
the spring is fixed. The particle starts moving 
horizontally from its equilibrium position at time 
t=0 with an initial velocity ug. When the speed of 
the particle is 0.5uọ, it collides elastically with a 
rigid wall. After this collision, 

(a) the speed of the particle when it returns to its 
equilibrium position is uo. 

the time at which the particle passes through 
the equilibrium position for the first time is 


tem] 
k 


(c) the time at which the maximum compression 


(b) 


of the spring occurs is t= = - : 
the time at which the particle passes through 


the equilibrium position for the second time 


(d) 


: 5a |m 
is f=—,/— . 
3 Vk 
Ametal rod of length L and mass 
m is pivoted at one end. 
A thin disk of mass M and radius 
R (< L) is attached at its center to 
the free end of the rod. 
Consider two ways the disc is 
attached : (case A) The disc is not free to rotate 
about its center and (case B) the disc is free to 
rotate about its center. The rod-disc system 
perform SHM in vertical plane after being released 
from the same displaced position. Which of the 
following statement(s) is (are) true? 
(a) Restoring torque in case A = Restoring torque 
in case B 
(b) Restoring torque in case A < Restoring 
torque in case B 
(c) Angular frequency for case A > Angular 
frequency for case B 
(d) Angular frequency for case A < Angular 
frequency for case B 


(2013) 


(2011) 
A wooden block zr 
performs SHM —- 
on a frictionless 
surface with ae 
frequency, vo. 


The block carries 
a charge +Q on its surface. If now a uniform 


electric field E is switched on as shown, then the 
SHM of the block will be 


of the same frequency and with shifted mean 
position. 

of the same frequency and with the same 
mean position. 

of changed frequency and with shifted mean 
position. 

of changed frequency and with the same 
(2011) 


(d) 


mean position. 


WAVES 


50. 


51. 


52; 


59; 


A horizontal stretched string, fixed at two ends, 
is vibrating in its fifth harmonic according to the 
equation, 

y(x, t) = (0.01 m) sin[(62.8 mt)x] cos[(628 s’t]. 

Assuming 7 = 3.14, the correct statement(s) is (are) 

(a) The number of nodes is 5. 

(b) The length of the string is 0.25 m. 

(c) The maximum displacement of the midpoint 
of the string, from its equilibrium position is 
0.01 m. 

(d) The fundamental frequency is 100 Hz. (2013) 


Two vehicles, each moving with speed u on the 

same horizontal straight road, are approaching 

each other. Wind blows along the road with 

velocity w. One of these vehicles blows a whistle 

of frequency fı. An observer in the other vehicle 

hears the frequency of the whistle to be f. 

The speed of sound in still air is V. The correct 

statement(s) is (are) 

(a) If the wind blows from the observer to the 
source, fz > fi. 

(b) If the wind blows from the source to the 
observer, fy > f. 

(c) Ifthe wind blows from observer to the source, 

h< fi 

(d) 


If the wind blows from the source to the 
observer, fp < fi. (2013) 


A person blows into open-end of a long pipe. As 

a result, a high-pressure pulse of air travels down 

the pipe. When this pulse reaches the other end of 

the pipe, 

(a) a high-pressure pulse starts traveling up the 
pipe, if the other end of the pipe is open. 

(b) a low-pressure pulse starts traveling up the 
pipe, if the other end of the pipe is open. 

(c) a low-pressure pulse starts traveling up the 
pipe, if the other end of the pipe is closed. 

(d) a high-pressure pulse starts traveling up the 
pipe, if the other end of the pipe is closed. 

(2012) 


A student is performing the experiment of 
Resonance Column. The diameter of the column 
tube is 4 cm. The frequency of the tuning fork is 
512 Hz. The air temperature is 38°C in which the 
speed of sound is 336 m/s. The zero of the meter 


54. 


55. 


56. 


scale coincides with the top end of the Resonance 
Column tube. When the first resonance occurs, 
the reading of the water level in the column is 

(a) 14.0 cm (b) 15.2 cm 

(c) 16.4 cm (d) 17.6 cm (2012) 


A police car with a siren of frequency 8 kHz is 
moving with uniform velocity 36 km/hr towards a 
tall building which reflects the sound waves. The 
speed of sound in air is 320 m/s. The frequency of 
the siren heard by the car driver is 

(a) 8.50 kHz (b) 8.25 kHz 

(c) 7.75 kHz (d) 7.50 kHz (2011) 


A point mass is subjected to two simultaneous 


sinusoidal displacements in x-direction, 
xı(t) = Asinwt and x, (t) = Asin (or + ajl 
Adding a third sinusoidal displacement 


x3(t) = B sin(œt + >) brings the mass to a complete 
rest. The values of B and @ are 


3n 4T 
pct A, — 
(a) V2A, Fi (b) A, 3 
5t T 


Column I shows four systems, each of the same 
length L, for producing standing waves. The 
lowest possible natural frequency of a system 
is called its fundamental frequency, whose 
wavelength is denoted as Ay Match each system 
with statements given in Column II describing the 
nature and wavelength of the standing waves. 


Column I Column II 
(A) | Pipe closed at oneend | (p) Longitudinal 
fe ~ 
0 L 
(B) Pipe open at both ends | (q) | Transverse 
n waves 
0 IE 
(C) | Stretched wire clamped | (r) | Ay=L 
at both ends 
b A 
(D) | Stretched wire clamped | (s) | Ay= 2L 
at both ends and at 
mid-point 
0 L 
L/2 
(t) = 4L 
(2011) 
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SOLUTIONS 


1, 
2; 


3. 


18 


(d) 
(c) 
(a) : Time of flight for projectile 
T= 2vsinð zgje 2vsin 45 
8 
or v S- 8 ome 


~ 2sin45° ( 1 ) V2 V2 
2) — 
V2 
=5V2 = 50 m/s 
(a): The various forces acting on the block is as 
shown in the figure. 


3y 


mg mgsin60° 
mu? v 
= Oa = — + o 
N - mgcos60 R? N R mgcos60 


Here, m =1 kg, R=40m, g = 10 m s?, v =10 m s7! 


1kg)(10m s”)? al 
Ase ws padoms L + (1kg)(10 ms 1 


=25N+5N=75N 
(b): Let v be speed of the block at Q. 


According to work-energy theorem 
Wg + W= AK 


N 


R 1 2 
Mg aa My C u=0) 


1x10x 4 -150=1x1x0? 
2 2 


200 — 150 = o => v? =100 or v = 10 ms! 

(a, c) : Here, m = 0.1 kg, g = 10 m s? 
mg=0.1x10=1N 

The various forces acting on the block are as 

shown in the figure. 


If 0=45°, then 
cos® = sinð 

If plane is rough and 9 > 45°, then 
sin > cosð 
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So frictional force acts on the block towards Q. 
If plane is rough and 9 < 45°, then 

cos > sinð 
So frictional force acts on the block towards P. 


(d): 


From figure, 

R = Lsinð 
Thehorizontalcomponent provides the centripetal 
force. 

Tsinð = mw?R 

Tsin@ = mw*LsinO 


T= mo?L 
T 

o=,- — 
mL 


Substituting the given values, we get 


O= 2A = 36 rad/s 
0.5 x 0.5 


(5): Force required to push the block up the 
inclined plane is 

F„= mgsinð + umgcos® (i) 
Force required to just prevent the block from 
sliding down is 

Fy = mgsin® — umgcos® (ii) 
According to the problem 

F,=3F4 

mgsinð + umgcos® = 3(mgsin® — umgcos®ð) 
or sin + ucos®ð = 3(sin® — ucos9) 


5 + a = (4 +) (= @=45° (Given)) 


1+u=3-3u 
1 
4u=2 o == 
u ru z 
N=10u 
a N=10x1=5 
2 


(d): L>> 


iBall _ Bullet 


10. 


Time of flight, 


2h 2x5m 
Tright = 4| z mme =1s 


Final velocity of the bullet after collision, 


100 m 
Vhullet = Iis 


= 100 m/s 
Final velocity of the ball after collision, 
m 
Uy =——— = 20 m/s 
ball 1s / 


According to law of conservation of linear 
momentum, we get 


Mpa * O + Mpullet * V = Mpall * Uball + Mbullet * Ubullet 
0.01V =0.2 x 20 + 0.01 x 100 


V = 500 m/s 
(d): y 

(0, a) H 

a x 
O (a, 0) 
~ y A y A 
=K i+ J 
= +p? (2 + ye? 
Let T =xit yj 


dT =dxi+ dy] 


and r= +y? 


Work done by the force F in moving a particle 


from A to B is 
"'B 


w= | Far 


Tg h A 
X1 yj y ^ 
=|K + -(dxi+ dy]) 
J a mira 

TB 


xdx ydy 


=K + 
/ / 
Nearer 2 (x? +y 2 


Tg 1 x2 2 
SK| p +y)” l 2 ) | a ) 


TB 


1 
=K d(x? + y”) 
2 23/2 
Fe +y°) 
Tp Tg "g 
1 2rdr dr 
=K | —d(r’?)=K =K| 5 
3 3 2 
J J 2r aT 


Here, r4 =a, rg=a 
=> W=0 


11. (a) 


power x total time 


12. (b): Change in momentum = 


Pt 
Pfr Pi= = 
Here, p;= 0, P=30 mW = 30 x 103 W 
c=3 x 108 ms! t= 100 ns = 100 x 10° s = 107 s 
_ (80x10 w)(107 s) 
PF 8 -1 
3 x10°ms 
13. (5): Velocity of the first 
bob at A = 4584 
Velocity of the first 


bob at B= g4 


At point B it collides elastically 
with another bob of same mass 
m suspended by a string of 
length l, as shown in figure. Vogl, <—=8A 

When two bodies of equal masses undergoes an 
elastic collision, their velocities are interchanged. 

Velocity of the second bob at B = \/ gl, 
But to complete the vertical circle, the velocity of 


the second bob at B= 58 l, 
gl = 5gl, or tas 


2 


speed of light 


=1.0 x 10-17 kg mst 
Cr 


14. (5): As p=” 

W= Pt = (0.5 W)(5 s) = 2.5] 

According to work-energy theorem 
W= K;-K;i 
Watm Ca) 
2 
22x25 _2x2.5 
= m 0.2 


Lo =2.5 or v 
2 


or v=5ms7! 
15. (4): According to work-energy theorem 
1 1,9 
—mV* = umgx + — kx 
2 umg 2 
Substituting the given values, we get 


L x 0.18 x V? = 0.1 x 0.18 x 10 x 0.06 + x 2 x (0.06)? 


9 x 102V? = 108 x 10-4 + 36 x 1074 


—4 
a Mx” ggn 
9x107 100 
V= mj 
10 
N=4 


PHYSICS FOR YOU | APRIL '14 19 


Magnitude and direction of Ee remain constant. 
Magnitude of Lp remains constant but direction 
of Lg changes. 


18. (b): Let M and I be the mass and length of the rod 
respectively and m be the mass of the insect. Let 
the insect be at a distance x from O at any instant 
of time t. 

x=ut ..-(i) 
Angular momentum of 
the system about O, 


As |t|=— =— | —— + mv‘t 
dt dtl 12 
As œ and v remain constant 
l@l=2mav"t 
[Tl œt 


Hence, the graph |7| and t is a straight line 
passing through the (0, 0). Option (b) represents 
correct plot. 
19. (3): Let M be mass of the whole disc. 

Then, the mass of the removed disc 

= M 5 nR? mM 

m(2R) 4 

So, moment of inertia of the remaining disc about 
an axis passing through O 


igs SM(2R)? E & Je Mpe] 


2\4 4 
ees = + a) 

p 8 

=2MR? - = MR? = MR? 2 -3| = MR 


Moment of the inertia of the remaining disc about 
an axis passing through P is 


Ip= [i mor? + MaRP | 


-[ (4) 5) 


2\4 


MR? a 
4 


=[2MR? + 4MR?]- l 
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20. 


2l. 


pA 
23. 
24. 


25, 


=6MR? — 7 MR? == MR? 
Ip 37 8 _37 | 
Ip 8 13 13 


vcos8 


vceos8 


In figure, relative velocity between P and Q 


v, = 2vsinO or v,= 2usin(wt) 

(© 0 = 0t) 

At t=— 

o, =20sin{ 22x2 )=0 (- 0-72) 
T 2 T 


Therefore, only two half cycle will take place. 

(a): To reach the unshaded 

portion particle P needs 

to travel horizontal, range 

greater than R sin45° or 

(0.7R) but its range is less > 

on shaded portion. Q is near to origin, its velocity 
will be nearly along QR soit will land in unshaded 
portion. 

(a) 
(d) 
(a,b): 


than È. So it will land 


The velocity at centre O is 
v =3ROi 
The velocity at the point P 


Up = 3Rwi — Ae singo. + Ra oa 50°k 


Up = Roi + B Ref 
4 4 
(d): R 
f 
h 
mg 
8 


26. 


2s 


In figure, 
mgsin® — f = ma 

For rotational motion 
fR=Ia 

For rolling without slipping 
oR=a 

From (ii) and (iii) 

Ia 


From (iv) and (i) 


(i) 
(ii) 
(iii) 


(iv) 


; Ta mg sin® 
mg sin® ya ma > a= 7 
(I/ R“ +m) 

Since Ip > Ig. So, ap < aQ 
Now, v? =u?+2as > veda 

(vg > vp) 
Therefore, Wp < 0g (e v= Ro) 
(4): 

=0.3 2 
a m/s 2N 
h 
fi 

As 2 -fı = Ma 


fıi=2-Ma=2-2x0.3=1.4N 
Taking torque about C 


fiR — foR = Ica 
— MR? L ia 
(i= f2)R=MR R (- 
fi — fo= Ma 
h =fi Ma=1.4 
fa=2u 


2 x 0.3 =0.8 N 


(9): Here, 
Mass of each sphere, M = 0.5 kg 
Radius of each sphere, 


v5 ae 


pe cm = — 
2 


Side of a square, a= A cm=4x 102m 


x10 cm 


28. 
29, 


30. 


Moment of inertia of the system about the 
diagonal of the square is 


2 
= s x0.5x (5) +0.5x 2 x10 


= [1 + 8] x 1074 kg m? 
=9 x 1074 kg m2 
I=N x104 kg m? 
N=9 
(a,c) 
(b,d) : The situation is as shown in the figure 
Av 
M ; M 
o—_______+____—__® 
m 
}¢—____—_ 2L ————_>| 
— Li P a | 
Applying the conservation of mechanical energy, 
we get 


CM M CMM em v =0+0 


a - m- a 
mv 


(b,d): The escape ane for Ps surface x earth 
is 


sn 


2GM 

ae 

e VR 
$ pi 
2:Gp—nmR 
eb ace 
VR 


(Since p is same for all planet 
V, œ R (i 
Surface area of P, 4nR3 = A 
Surface area of Q, 4nRŻ =4A 
Rp_1 2 
==> > Ro =2Rp 
Rg 2 
The spherical planet R has mass 
Mr=Mpt+ Mo 


(ii) 


4 p3 4 33 4 p3 $53. p 
z PERR = 3 PTRp H z PTRO => Rg=Rp +R 


or RÊ =R +2Rp)° Using (ii) 
So, Rpr = (9)"ŻRp 
Therefore, Rr >Rg> Rp 
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31. 


32. 


33. 


34. 
35. 


36. 


22 


From equation (i), 
Vr> Vo >Vp 

and from equation (ii) 
Vp 1 


VQ 2 


(b): Escape speed, v, = 2 x orbital speed = J2v 
Kinetic energy of the object 
= ; mo? = Sma? =mV? 


(c) : The situation is as shown in figure. 


re- SDF 
25C 1h, 
By definition of Young’s modulus 
_ FL 
YA 
For thick wire 
F(2L) 


T -¥n(2R) 
For thin wire 
FL 

YnR* 

Divide (ii) by (i), we get 
AL, _ FL. Ym(2R)" _ 5 
AL, YnR? F(2L) 

(a,d) : The situationisas 4p :: 

shown in adjacent figure. B 

At equilibrium, for upper 

sphere 
W+F s= F B 


AL 


...(ii) 


AL, = 


i WE, 
3 nRôpg + kx = 4 TR?(2p)g 
3 


kx = 4 nR32pg - - mR°pg 
3 


3 3 
_ 4nR°pg oe 4nR°pg 
3 3k 


kx 
(d) 


(a,b,d) : Let V be the volume of each sphere and T 
is the tension in the string. dpVg 
For the string to be taut, 


dpVg>d,Vg 
=> dp>dy, 
and dgVg > dpVg 
= dg>dp 


For an equilibrium 
dpVg+dpVg+T=T+d,Vgt+dpVg 
or dyat+dpg=2drp 


(a) 


dpVg 
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Bf. 


38. 


39. 
40. 


41. 


(b,c,d): (a) In 0-100 K, 
C increases with T but not linearly. So R increases 
but not linearly. 
(b) As AQ = mCAT 
Q= m|CAT =m area under C-T curve 
From the graph it is clear that area under C-T is 
more in 400-500 K than in 0-100 K. 
Therefore, heat absorbed in 0-100 K is less than in 
400-500 K. 
(c) In 400-500 K, 
C remains constant so there is no change in R. 
(d) In 200-300 K, 
C increases so R increases. 
(c) : Let T be the temperature m m I 
of the middle plate and A be 
area of each plate. 
Under steady state, the rate of 
energy received by the middle 
plate is equal to rate of energy 
emitted by it. ST T 2T 
z GA(3T)*- GA(T)4 = GA(T’)4* - GA(2T)4 
oA[(3T)4 - (T’)“] = oA[(T’)* - (2T)] 
BT) -(T}*=(T}*- (2T)* 
AT) = BT) + (27)4 
= T4(34 + 24) = T4(81 + 16) = 97T* 


1/4 
rt =r or r=(2) T 


(a,c,d) 
(3): Young’s modulus, Y = FL. 
AAL 


where the symbols have their usual meaning 
__ "8L 
(TR?JAL 
AL 
AL=QLAT or T = 0AT 
Substituting this value in equation (i), we get 
__ Ms _ mR2YOAT 


=~ a a OF 
nR7QAT g 
Substituting the given values, we get 


(i) 


na XX 10-3)? x101! x 107° x 10 
10 


=1ke=3kg 
(d): According to IS‘ law of thermodynamics, 
AQ = AU + AW = nCyAT + nRAT 


=n(£r Jar +nrar (. Cy=£R] 


-nrar(£+1} 


Here, n = 2, R = 8.31 J/mol K, 
AT = 35°C — 30°C = 5°C and f=3 


n AQ=2x831x5 (2 +1 }+207.75 «208 


42. 


43. 
46. 
47. 
48. 


49. 


50. 
51. 


(a): Helium is a monoatomic gas. 
, 5 
For monoatomic gas, y = 7 


For an adiabatic process, 
TV’-! = constant 


ve 
T=T| 4 
2 


Substituting the given values, we get 


l 
5.6 (3 
h=] (25) = 7,(8)22 =47, 
Number of moles of He, 
_ 56litre 1 


n = ——_ => 

22.4 litre 4 

Work done during an adiabatic process is 
1 

_aR(,-G) gAn 


(y-1) = 


9 
=- 


3 
Negative sign shows that work is done on the 
gas. 
(d) 
A > prt; B 
(a,d) 


(a,d) : Restoring torque is same for both the cases. 
Hence (a) is correct. 


44. (a) 
> pt; C > q,s; D 


45. (d) 
>i E 


2 2 
maA = a 
3 2 
2 
IncaseB, hel + ME? 
As I, > Ig and T4 = Tg 
=> W,<Wpg 


Hence, (d) is correct. 
(a): The frequency will be same. 


1 Ík 
AS U9 = anim does not depend on the constant 
n\m 


external force. But due to constant external force, 
the mean position gets shifted. So option (a) is 
correct. 
(b,c) 
(a,b): 
Source Observer 
Eee 
If the wind blows from the source to the observer, 
the frequency heard by the observer is 


(V+w)+u 
f(s = fr>fi 


52, 


53, 


54. 


55. 
56. 


Source Observer 


If the wind blows from the observer to the source, 
the frequency heard by the observer is 
(V-w)+ “| 
= > 
h (ee fh = heh 

(b,d) : At open end phase of pressure wave change 
by m, so high pressure pulse gets reflected as a 
low pressure pulse. While at closed end phase of 
pressure wave does not change, so high pressure 
pulse gets reflected again as a high pressure 
pulse. 


(b): First resonance, A = 
4 


v 
Also, ma (L + 0.6r) (CS 


(4 + 0.6r) 
r=) 
V 
Here, r is internal radius of resonance column and 
l is the length of water level in column 
Given, v = 336 m/s, v = 512 Hz and r= : cm 
_ 336 x 107 
1 4x512 
lı = 15.2 cm 
(a): Here, 
Speed of sound in air, v = 320 m/s 


Frequency of source, v = 8 kHz = 8 x 10° Hz 
Velocity of the police car(source), 


v, = 36 km/hr = 36 x 2. m/s=10 m/s 


4 
(0.6) x 5 


As the police car (source) is moving towards a tall 
building, the frequency of sound received by the 
building is 


v’=v0|— i 
ike | 2, ..-(1) 


For the reflected sound, building acts as source and 
the driver himself is the listener which is moving 
towards the building. Hence, the frequency heard 
by the driver is 


vavta] vt+0, 
v 0-0, 
-»[2*4| 
v- U 


v”=8x10° tp 800° «Sn 


(Using (i)) 


[As v7, =v] 


320 — 10 0 
= 8.51 x 10° Hz = 8.5 kHz 
(b) 
A > pt; B > p,s; C > qs; D > qr 
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Thought 


Provoking 


Electrostatics 


By : Prof. Rajinder Singh Randhawa* 


1. Find the force of interaction à conducting wire and B is uniformly charged 
between the point charge [+ + + +}e—x = (charge = +Q). Find (a) charges on conductors A 
‘Q’ and a thin conductor <~ 1 —> and C. (b) Potentials of A and B. 
of linear charge density 
a =À as shown in 
figure. 

2. A small bob of a mass ‘m’ and TES 
charge q is released from the ary yi 
given position. It swings in a Hes 
vertical plane by the effect of i N ER 
gravity and electric field due to i na fi i D 
a large uniform charged sheet ande are arranged og ae 
of surface charge density o. line as shown in figure. ———— Seale aecnee ep 
Find the maximum angle that Calculate the electrice A 
the bob swings before coming field at a distancë r St TA £ 
to rest momentarily. on the line. 

3. A straight infinitely long : Consider Earth to be a ball of radius R and mass 
cylinder of radius R, Eea M. Let the charge of Earth be Q. (a) What must 
is uniformly charged be the maximum mass ‘m of an object carrying 
with charge density ©, L an electric charge equal to that of a proton and 
The cylinder serves as | moving in the electric field of the Earth so that the 
a source of electrons, D object may escape Earth’s gravitational pull and 
with the velocity vectors : fly off into outer space? (b) What can be maximum 
of emitted electrons charge, Q max carried by a dust particle (an object) 
perpendicular to its and how can such a charge be imparted to the 
surface. object? 

What must be the electron velocity to ensure that A thin non-conducting ring of à 
the electron can move away from the axis of the radius R has a linear charge 
cylinder to a distance greater than r. density A = A,cos®, where Aj is cx 

4. Figure shows three conducting and concentric the value of À at 6 = 0°. Find the E ro 
spheres A, B and C with radii R, 2R and 4R net electric dipole moment for 
respectively. A and C are connected by a this charge distribution. 

Randhawa Institute of Physics, S.C.O. 208, First Fl., Sector-36D & S.C.O. 38, Second Fl., Sector-20C, Chandigarh 
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Two identical beads of mass 
‘m and charge ‘g are shown 
in figure. The beads can slide 
smoothly on a wire frame kept 

in a vertical frame. Determine q A 
angular position ‘6’ w.r.t. vertical : 
diameter. Now the beads are 

given a small angular displacement. Show that 
they perform simple harmonic motion. 


1. 


SOLUTIONS 
dq 


C L? 


r 


Consider an elementary charge dq at a distance ‘7’ 
from Q. The force dF acting on Q due to dq is 


Qdq 
Aner? 
The net force on Qis F= far 
Q (a _ Q Ta 
P 2 


ATE, 4me, +. 


p-@f1_1)_p__ 
Ane |x x+l Ane ,x (1+ x) 


dF = 


|? dq = ddr |} 


-E 
x mg 


+ + + t+ +t + 


From figure, sin@ = 


~j 


= y=lsinð 


and coso = “—* > cos0 = 1-= or x = I(1—cos6) 


y_ IsinOd — 2sin0/2cos0/2_ 1 
x 1(1-cos@) 2sin? 6/2 tan /2 
0_x_ mg 
2 y qE 


Solution Senders of Physics Musing 
1. Divyesh Srivastava (Lucknow) 
2. Namit Bhasin (Ludhiana) 
1. Vikash Rawani (Dhanbad) 
2. Arun Sharma (Bhopal) 
3. Neha Gupta (New Delhi) 


Now, Fie 
E0 
tan? = "8êo g pane) 
qo qo 


Consider a coaxial cylinder as a Gaussian surface, 
then 


e, (2nrL) E= (2nR,L)o or E = E -0 


Er 


If we apply Newton’s second law, 


dr RO ... (ii) 
° dt? Er 
Also, using law of conservation of energy, we get 
1 
Jeo -eV = -eV . (iii) 


where V, is the potential of cylinder and V is 
the potential at a distance r from the axis of the 
cylinder. 


Since, E = A 
dr 
Using equation (i), we get 
R 
Ca. >dV = oar 
Er dr €, 1 
On integration, we get 
R 
Ven hnr+C Gv) 
E€ 
R 
Also, V, =-= nR, +C 0) 


Using equations (iv) and (v), in equation (iii), we get 


g= [2eR oln(r / R,) 
° E Me 


(a) Let the charges on A and C be q, and q, 
respectively. 

From conservation of charge, q; + q, = 0. 

Hence, qı = -492 

Since A and C are connected by a conducting wire, 
so they have same potential, 


V= Gop E y d 
Ane,R 4ne,2R 4re,4R 

V= qı i Q P qz 

ATE 4R 4ne, 4R 4ne,4R 


Since V4 = Vo we get 
Solving, 49, +2Q=q,+Q 


Q Q 
Hence, 1 = ~3 and q, = 3 
1 Q Q Q 
= + + =. 
©) Va al 3 2 2] 16ne,R 
and V} = g Q19+2 = 5Q 
Sre, R| 3 6 | 48ne,R 
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The net field is | E]=1E,| +1E,1 +1E5| 


a ae 1 
4ne (r-a) 4me,r° 4ne,(r+a) 
q -1 4 2 1 
4ne l| (r-a)? r? (r+ay’ 


a OO 


If r >a, we can use binomial expansion theorem 


n(n-1) 2 for Ixl << 1. 


(1+x)"=1+nx + 


= q 2a 3a? 2a 3a? 
eel [1 ae +2-|1 P 
— q 1 2a 3a’ 42-1 2a 3a 
Aner? TE r r 
_ 4 ‘|-60" a 6qa" 
Ame gr? r Aner“ 


(a) Let the object be launched from the Earth’s 
surface with initial velocity v, = 0, then from law 
of conservation of energy, 

-GMm QQ, QQ, 


+ = 0 or m = ——— -~ 
R 4ne,R 4ne GM 


(i) 


(b) Now we consider the dust particle as a small 
metal ball of radius r that acquires its charge from 
Earth, with which it is in direct contact, charge 
will flow until they become of same potential and 
charge flow stops, then 

= Qia = Q = Qr ss 

“ane. m p OT Sm RM) 
Let p be the density of the metal ball, then its 
mass, 


_ 4 3 eee 
m= att p . (iii) 
Putting equations (ii) and (iii) in equation (i), we 
get 
GM(4/ 3)nr°p , QQ 


R 4ne R? 
On solving, we get 
a 
4n \ ¢,GMRp 
Putting r in equation (ii), we get 
een iy ae 
mex ATRN e ,GMRp 
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Consider two differential 
elements A and B as shown 
in figure. 
Dipole moment of the pair, 
= [(Ap:cos®)R dO] x 2Rcos8 
= 2A)R?cos’0 d0 

Dipole moment of the 


charge distribution 
n/2 


=2h9R? | cos*Od0=nR*A, 
—n/2 


MS 2Rsin@ 8 
—S E 


2 


In equilibrium, N sind = F = ——1___. .. (i) 
4ne ,(2Rsin®) 
and Ncos@ = mg ... (ii) 
Dividing equation (i) by (ii), we get 
2 
tang = _____1__ ... (iii) 
4ne ,mg(2R sin)? 


After small angular displacement, we consider F 
is constant. 
In equilibrium, the net torque about centre of 
circle becomes zero. 

—mg-Rsin® + F-Rcos® = 0 ... (iv) 
After a small angular displacement d0 of right 
bead, 


—mgRsin(6 + d0) + FRcos(0 + d0) = mR?a . (v) 
—mgR[sin® cos dð + cos@ sin dO] + FR[cos® cos d0 — 
sin sin d0] = mR?a . (vi) 


For small 0, sin0 = 8 and cosð = 1, equation (vi) 
becomes 
—mgR[sin® + cos d0] + FR[cos® — sin d0] 
=mRo ... (vii) 
From equation (iv) and (vii), we have 

—[mgRcos0 + FRsin0]d0 = mR?a 


or ae k EERO ag _. (viii) 
mR 

Compare it with equation of S.H.M., 

a = —w* dd ... (ix) 


°R 
œ= || mgRcosO + — 1" sino mR? 
4ne,(2Rsin8) 


p pis 20 +q? 


16ne mR? sin® 
EE 
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kK kK 


NCERT Xtract 


a ky 


Questions for Medical/ 


Engineering Entrance Exams 
Magnetism and Matter 


1. Magnetic moment for a solenoid and corresponding 
bar magnet is 
(a) equal for both (a) = (b) = 
(b) more for solenoid 
(c) more for bar magnet H H 
(d) none of these 
2. A magnetic needle has magnetic moment s d) = 
5.8 x 10°? A m? and moment of inertia of (9) (d) 
7.8x10%kg m2, itperforms 12 complete oscillations in 
H A 


6.0 s. What is the magnitude of magnetic field? 
(a) 0.011 T (b) 0.021 T 7. Superconductors are 

(c) 0.031 T (d) 0.041 T (a) most exotic diamagnetic materials 

(b) ferromagnetic material with low resistivity 
(c) Paramagnetic materials at high temperature 
(d) none of these 


3. The torque and magnetic potential energy of 
a magnetic dipole in most stable position in 
a uniform magnetic field (B) having magnetic 


moment (m will be 8. A closely wound solenoid of 750 turns and area 


(a) —mB, zero (b) mB, zero of cross section 5 x 10+ m? carries a current of 
(c) zero, mB (d) zero, -mB. 3.0 A. Its associated magnetic moment is 
ý (a) 4.12 J T7 b) 3.12 J T7 
4. A solenoid of cross-sectional area 2 x 10-4 m? and (c) 2.12 J T3 a 1.13 J T7 


900 turns has 0.6 A m? magnetic moment. Then 


the current flowing through it is 9. A circular coil of 25 turns and radius of 12 cm is 


(a) 2.24 A (b) 2.34m A placed in a uniform magnetic field of 0.5 T normal 
(c) 3.33 A (d) 3.33 m A to the plane of coil. If the current in the coil is 
; 5 A, then total torque experienced by the coil is 
5. What is the magnitude of axial field due to (a) 15Nm (b) 2.5 N m 
a bar magnet of length 3 cm at a distance of (c) 3.5 Nm (d) zero 
75 cm from its mid-point if its magnetic moment is , a . i 
0.6 A m?? 10. If a magnetic material is having magnetic 
(a) 0.013 uT (b) 0.113 uT susceptibility (x) =—1, then the relative magnetic 
(c) 0.284 uT (d) 0.313 uT permeability (u,) and type of magnetic material 
are respectively 
6. The correct M-H curve for a paramagnetic material (a) 0, diamagnetic (b) 2, ferromagnetic 
at a constant temperature (T) is represented by (c) 1, paramagnetic (d) -1, diamagnetic 
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11. 


42, 


13. 


14. 


15. 


16. 


Two identical magnetic dipoles of magnetic 
moment 2 A m? are placed at a separation of 
2 m with their axes perpendicular to each other 
in air. The resultant magnetic field at a midpoint 
between the dipoles is 

(a) 4/5x10°T (b) 2V5x10° T 

(c) 4V5x107 T (d) 245x107 T 

A short bar magnet has a magnetic moment of 
0.48 J T-!. The magnitude and direction of magnetic 
field produced by the magnet at a distance of 
10 cm from the centre of the magnet on its axis is 
(a) 0.48 x 10+ along N-S direction 

(b) 0.28 x 10* T along S-N direction 

(c) 0.28 x 10+ T along N-S direction 

(d) 0.96 x 10+ T along S-N direction 


A short bar magnet has a magnetic moment of 
0.39 J T+. The magnitude and direction of the 
magnetic field produced by the magnet at a 
distance of 20 cm from the centre of the magnet 
on the equatorial line of the magnet is 

(a) 0.049 G, N-S direction 

(b) 4.95 G, S-N direction 

(c) 0.0195 G, S-N direction 

(d) 19.5 G, N-S direction 

At a certain location in Africa, compass points 
12° west of geographic north. The north tip 
of magnetic needle of a dip circle placed in 
the plane of magnetic meridian points 60° 
above the horizontal. The horizontal 
component of earth’s field is measured to be 
0.16 G. The magnitude of earth’s field at the 
location is 

(a) 0.32 G (b) 0.42 G 

(c) 4.2 G (d) 3.2 G 

A paramagnetic sample shows a net magnetisation 
of 10 A m™ when placed in an external magnetic 
field of 0.8 T at a temperature of 4 K. When the 
same sample is placed in an external magnetic 
field of 0.3 T at a temperature of 16 K, the 
magnetisation will be 


(a) = Am! (b) =A m“! 
(c) 2 Am (d) 8 A m” 


The magnetic induction at a point 1 A away from 
a proton measured along its axis of spin is 
(Take magnetic moment of the proton as 
1.4 x 10-7 A m°). 
(a) 0.28 mT 


(c) 0.028 mT 


(b) 28 mT 
(d) 2.8 mT 


17 


18. 


19. 


20. 


21, 


22, 


23. 


24. 


A permanent magnet in the shape of a thin 
cylinder of length 50 cm has intensity of 
magnetisaton 10° A m~. The magnetisation 
current is 

(a) 5x 10°A (b) 6x 10° A 

(c) 5x 104A (d) 6x 107A 

Core of electromagnets are made of ferromagnetic 
materials which have 

(a) low permeability and low retentivity 

(b) high permeability and high retentivity 

(c) high permeability and low retentivity 

(d) low permeability and high retentivity. 


A domain in ferromagnetic iron is in the form 
of a cube of side length 2 um then the number 
of iron atoms in the domain are (Molecular mass 
of iron = 55 g mol"! and density = 7.92 g cm”) 
(a) 6.92 x 101? atoms (b) 6.92 x 10" atoms 

(c) 6.92 x10! atoms (d) 6.92 x 10! atoms 


The magnetic susceptibility of a paramagnetic 
material at — 73°C is 0.0075, its value at — 173°C 
will be 

(a) 0.0045 (b) 0.0030 (c) 0.0150 (d) 0.0075 


Point out the correct set of diamagnetic 
substances 

(a) aluminium, sodium, calcium and oxygen 
(b) bismuth, copper, lead and silicon 

(c) cobalt, nickel, gadolinium and aluminium 
(d) silver, niobium, magnesium and calcium 

A domain in ferromagnetic iron in the form of 
cube is having 5 x 10!° atoms. If the side length of 
this domain is 1.5 um and each atom has a dipole 
moment of 8 x 10-74 A m?, then magnetisation of 
domain is 

(a) 11.8x10°Amt (b) 1.18 x 104 A m“! 

(c) 11.8 x 104A m™ (d) 1.18 x 10° A m“! 


The magnetic field of Earth can be modelled by 

that of a point dipole placed at the centre of the 

Earth. The dipole axis makes an angle of 11.3° 

with the axis of Earth. At Mumbai, declination 

is nearly zero. Then, 

(a) the declination varies between 11.3° W to 
11.3° E. 

(b) the least declination is 0°. 

(c) the plane defined by dipole axis and Earth 

axis passes through Greenwich. 

declination averaged over Earth must be 

always negative. 


(d) 


Amagnetising field of 1500 A m produces flux of 
2.4 x 10-5 weber in a iron bar of the cross-sectional 
area of 0.5 cm?. The permeability of the iron bar is 
(a) 245 (b) 250 (c) 252 (d) 255 
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25. 


26. 


27, 


28. 


29, 


30. 


30 


A circular coil of 100 turns, radius 10 cm carries 
a current of 5 A. It is suspended vertically in a 
uniform horizontal magnetic field of 0.5 T and the 
field lines make an angle of 60° with the plane of 
the coil. The magnitude of the torque that must 
be applied on it to prevent it from turning is 
(a) 2.93 Nm (b) 3.43 N m 

(c) 3.93 Nm (d) 4.93 N m 


A long solenoid has 1000 turns per metre and 
carries a current of 1 A. It has a soft iron core of 
u, = 1000. The core is heated beyond the Curie 
temperature T, 


(a) The H fieldinthesolenoidis (nearly) unchanged 
but B field decreases drastically. 


(b) The H and B fields in the solenoid are nearly 
unchanged. 

(c) The magnetisation in the core reverses 
direction. 


(d) The H field in the solenoid decreases but B 
field increases drastically. 


There are two current carrying planar coils 
made each from identical wires of length 
L. Cy, is circular (radius R) and C, is square 
(side a). They are so constructed that they have 
same frequencies of oscillation when they are 
placed in the same uniform magnetic field B and 
carry the same current I. The relation between 
a and R is 
(a) a=2R 
(c) 3a=R 


(b) a=3R 
(d) a=4R 
Assume the dipole model for earth’s magnetic 
field B which is given by the vertical component of 
Uo 2mcos0 


magnetic field, B, = ae and the horizontal 
m + 
component of magnetic field B,, = Ho pene 
4n 7 


where 0 = 90° (latitude as measured from magnetic 
equator), then the loci of point for which dip 
angle is + 45°. 
(a) tan ~“ (3) 
(c) tan“'(0.5) 


(b) tan-1(2) 

(d) tan-‘(1) 

A dipole of magnetic moment m= 30; A m? is 
placed along the y-axis in a uniform magnetic 
field B= (2i + 57) T. The torque acting on it is 
(a) -40kNm (b) -50k N m 

(c) -60k Nm (d) -70k N m 

At a given place on earth’s surface the 
horizontal component of earths magnetic field 
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31. 


32. 


33. 


34. 


35. 


is 2 x 10° T and resultant magnetic field is 
4 x 10° T. The angle of dip at this place is 

(a) 30° (b) 60° 

(c) 90° (d) 45° 

A closely wound solenoid of 3000 turns and area 
of cross section 2 x 10“ m?, carrying a current of 
6 Ais suspended through its centre allowing it to 
turn in a horizontal plane. The magnetic moment 
associated with the solenoid is 

(a) 1.2 J T! (b) 2.4 J T+ 

(c) 3.0 JT! (d) 3.6 J Tt 

A circular coil of magnetic moment 0.355 J T- 
rests with its plane normal to an external field 
of magnitude 5.0 x 107 T. The coil is free to turn 
about an axis in its plane perpendicular to the 
field direction. When the coil is turned slightly and 
released, it oscillates about its stable equilibrium 
with a frequency of 2 Hz. The moment of inertia 
of the coil about its axis of rotation is 

(a) 1.13 x 101 kg m? (b) 1.13 x 10% kg m° 
(c) 1.13 x 10° kg m? (d) 1.13 x 10 74kg m? 
A magnetic dipole is under the influence of 
two magnetic fields. The angle between the 
field directions is 60° and one of the fields has 
a magnitude of 1.2 x 107 T. If the dipole comes 
to stable equilibrium at an angle of 30° with this 
field, then the magnitude of the field is 

(a) 1.2 x 10*T (b) 2.4 x 10°? T 

(c) 1.2 x 10? T (d) 2.4 x 10° T 

A ring of mean radius 15 cm has 3500 turns of 
wire wound on a ferromagnetic core of relative 
permeability 800. The magnetic field in the core 
for a magnetising current of 1.2 A is 

(a) 2.48 T (b) 3.48 T 

(c) 4.48 T (d) 5.48 T 


A solenoid has core of a material with relative 
permeability 500 and its windings carry a current 
of 1 A. The number of turns of the solenoid is 
500 per metre. The magnetization of the material 
is nearly 

(a) 2.5 x 103 A m7 
(c) 2.0 x 103 A m! 


(b) 2.5 x 105 A m” 
(d) 2.0 x 105 A m” 


SOLUTION 


1. 


(a): Since a bar magnet and a corresponding 
solenoid produce similar magnetic fields. Hence 
the magnetic moment of a bar magnet is equal to 
the magnetic moment of an equivalent solenoid 
that produces the same magnetic field. 


(b): Here, time period of oscillations 
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4n7I 
mT? 
IT=7.8 x 10° kg m°, 
m=5.8 x 10°? Am? 
p- 4X14)? x7.8x10% 

5.8 x107 x (0.5)? 
(d): Torque, t=mx B =mB sin0 
and magnetic potential energy 

U,, =-m.B=—mB cos 
At 0 = 0° the dipole will be in most stable 
position 
t = mBsinð = mBsin 0 = 0 
and U, = -mB cos = —mBcos 0 = — mB 
(c): Here, N = 900 turns, A = 2 x 10 m? 
m, = 0.6 A m? 
The magnetic moment of solenoid 
m, = NIA 

The current flowing through the solenoid is 

om 0.6 

NA 900x2x10~ 


(c) : Here, m = 0.6 A m?, r = 75 cm = 0.75 m 
Uo 2m = 2 ; 
Baa = SeA 2E) 10 7. = 
r (0.75) 
Baxial = 2.84 x 107 T= 0.284 uT. 


Now, magnetic field, B = 


Here, 


= 0.021 T 


=3.33 A 


(a): Since intensity of magnetisation (M) of a 
paramagnetic material is given by 


H C 
as Ho is constant. 
T T 


B 
M=C==C 
tT Ho 


Then M « H 
Hence, the My curve will be a straight line with 


the slope Cug =. 


(a) : Superconductors are most exotic diamagnetic 
materials. When these materials cooled to very 
low temperatures, which exhibits both perfect 
conductivity and perfect diamagnetism. 


(d): Here, n = 750 turns, A=5x104m?2,1=3A 
Magnetic moment, 
m = nIA = 750 x 3 x 5 x 104 = 11250 x 10+ 
= 1.125 J T along the axis of solenoid. 


(d): Here, n = 25 turns, r= 12 cm, B = 0.5 T 
Since the coil is placed in uniform magnetic field 
normal to the plane of the coil. 
Hence the angle between magnetic moment and 
magnetic field direction is zero (i.e. 6 = 0) 

t = mBsin® = mBsinO 
> t=0 
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10. 


11. 


12. 


13. 


14. 


(a): Here, x = -1 
then p,=1+yXx 

u,=1+(-1)=1-1=0 
Since, magnetic susceptibility of given material is 
less than one. Hence, the given magnetic material 
is a diamagnetic material. 


(d): 
N3 
--- a O Å- P -- 
eN V B, Ta 
B, B Sy 


Let point P be a midpoint between the dipoles. 
The point P will be in end-on position with 
respect to one dipole and in broad-side position 
with respect to the other. 
_ Mg 211 | 10°77 x2x2 
z 3 3 

4n r (1) 


B, =4x10 7T 
-7 
_ uom, _107x2_ 


(1)° 

As B, and B, are perpendicular to each other, 
therefore the resultant magnetic field at point 
Pis 

B= JB +B2 = (4x107)? +(2x107)? 


d B 
an AE 2 


=10~ 16+ 4 =107 V20 =2V5 x10” T 
(d): On the axis of the magnet 


_ Mg 2m 
4n qo 
Here, a = 107 A m2, m = 0.48 J T 
n -7 
d=10cm=0.1m ~. g= lO x2x0.48 
(0.1)° 


= 0.96 x 10+ T, along S-N direction. 


(a): Here, m = 0.39 J T, d = 20 cm = 0.2 m 
On the equatorial line of magnet 


po 
4n d’ z 
-7 0.39 _0.39x 107 
=10 x = 
(0.2) 28x10 


= 0.049 x 10* T = 0.049 G along N-S direction 
(a): Here, H; = 0.16 G = 0.16 x 10% T. 
dip angle, 5 = 60° 
Then, magnitude of earth’s field. 
Hz _0.16x10* , 016x107 
cos6 cos 60° E 4/2 
= 0.32 x 107 T = 0.32 G 


Bp = 


15. 


16. 


17. 


18. 


19. 


20. 


(c): Here, M; = 10 Am‘!, B; =0.8 T, T; =4K, 
B, = 0.3 T, T, = 16 K, M, = ? 
Then, for paramagnetic materials, 


magnetisation (M) = C i (Curie’s law) 


Now, in the first case, M, = Su ...(i) 
1 
i CB st 
and in the second case, M, = ~ 02 (i) 
T 
Dividing equation (i) by (ii), we get 
M Bu h 
M, By D 
M, 08 $ 16 10 x4 
or = = 
M, 03 4 M, 
ot _10x3_15, ma 
2 8x4 16 
(d): On the axis of a magnetic dipole magnetic 
induction is 
B= Ho x 2m 
An r3 


Here, r =1 Å = 10! m, m = 1.4 x 108 A m2? 
and + =107 N A% 
4T 


_107x2x1.4x10” 
= (10719) 
_ 107 x28x10 
19720 
(a): Here, 1=50 cm = 0.5 m, M = 106 A m! 
magnetisation current (I ) 
(length)? 
Im =M xl= 106 x 0.5 =5 x 105 A. 


B 


2.8 x 10-3 T= 2.8 mT 


As M= 


(c) : Core of electromagnets are made of soft 
iron that is a ferromagnetic material with high 
permeability and low retentivity. 
(b): The volume of the cubic domain 
V= (2 um) = (2 x 10® m} = 8 x 10-8 m? = 8 x 10? cm? 
Also mass = volume x density 

=8 x 10°? cm? x 7.9 g cm” = 63.2 x 10” g 
Now the Avogadro number (6.023 x 10°) of iron 
atoms have a mass of 55 g. 
Hence the number of atoms in the domain are 
_ 63.2 x101? x 6.023 x 107 

55 

(c): Here, Xm, = 0.0075, 
Tı =- 73°C = (- 73 + 273) K = 200 K 
Xm, = 2, T2 = — 173°C = (-173 + 273) K = 100 K 
For paramagnetic material magnetic 
susceptibility 


N = 6.92 x 10" atoms 


21. 


22, 


23. 


24. 


25. 


Xm, = 2m, = 2 x 0.0075 = 0.015 


(b): Bismuth, copper, lead and silicon all are 
having the property of diamagnetic as in the 
atoms of these material have resultant magnetic 
moment zero. 


(d): The volume of the cubic domain is 
V = (1.5 x 10 m)’ = 3.38 x 10-18 m3 
= 3.38 x 1071? cm? 
Number of atoms in domain 
N=5 x 10!° atoms 
Since each iron atom has a dipole moment, 
m=8 x 10-4 A m? 
Mmax = net dipole moment for all atoms 
=Nxm 
=5 x 10! x 8 x 1074 
=40x 1071 = 4 x 108 A m°. 
Now the consequent magnetisation 


M = M nax 
max — . 
Domain volume 


_ 4x10 A m? 
3.38 x10718 m? 
(a): 


Since the axis of the magnetic dipole placed at 
the centre of earth makes an angle of 11.3° with 
the axis of earth, the two possibilities arise as 
shown in above figure. Hence, the declination 
varies between 11.3° W to 11.3° E. 


(d): Here, H = 1500 A m”, 6 = 2.4 x 10° weber 
A =0.5 cm? = 0.5 x 10 m? 


24x10 
put 24x10" 


= 1.18 x 10? A m“ 


=4.8x10 "T 
A 05x10% 
B 48x107! 
adya a U a nA 
H 1500 
So relative permeability 
3.2 x 1074 
„=$ =22 _ 20.255 x 108 = 255 
Ug 4nx1077 


(c): Here, N = 100, r = 10 cm = 0.10 m, ]=5A, 
B = 0.5 T, 8 = 90° — 60° = 30° 

Area of the coil, A = mr? = 3.14 x (0.1)? 
t = NIBAsin® 
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26. 


27; 


28. 


29, 


34 


= 100 x 5 x 0.5 x 3.14 x (0.1)? x sin 30° 
= 3.931 Nm 


(a): In solenoid, A field, 

H= nl and B field, 

B = Unt 
Now the core is heated beyond the Curie 
temperature T„ due to that u, decrease and 
hence B will also decrease. 


; L 
(b): For circular coil C,, n = — 
2mR 
and magnetic moment M; = nJA, 
= L InR? = LIR 
2nR 2 
For square coil C, 
P 
2 da 
and magnetic moment M, = nA, 
=e a 
4a 4 


Now moment of inertia about an axis through the 


diameter of circular coil I, = and moment 


of inertia of square coil about an axis passing 
through its centre and parallel to edge of square 


2 
p= Ma 
12 
ere M,B 
Then, frequency of oscillation of Cy, œ; = ,|—— 
1 
qk 2B 
and frequency of oscillation of C, œ, = ,|—— 
M M 2 
as o? =03 aa ar 
L h 
LR La 
—2_= E g=3R 
MR? Ma? 
2 12 
(b): Here, By = Ho 2mcos® 
4n r3 
_ Ho msinĝð 
H An rs 
By 
and 5 = 45° fangs, 
H 
2cos0 
tan 45° = ——— =2cot® 
sin 
or 1= = tanĝ=2 
tanð 


or 9 = tan™}(2) is the loci of points. 
(c): Here, m=30j Am? and B=(2i+5)) T. 


=" > 


Since t= mx B 
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30. 


31. 


32. 


33. 


34. 


35. 


= 30] x(2i+5j) = 60 jxi+150j x j = 60(-k) +150 x0 
=-60kNm 


(b): Since By = B cos 

Here, B = 4 x 10°°T, By = 2 x 105 T 
By 2x10 1 
B 4x10 2 


[ jxi=—kand jx j=0] 


n cosd = = cos 60° 


=> 6=60° 
(d): Here, N = 3000, A = 2 x 10“ m?, I=6 A 
<. M= NIA =3000 x 6x 2 x 10% =3.6 JT 
(d): Here, M = 0.355 J T 1 

B = 5.0 x 10° T, v = 2 Hz 


1 MB 
vel aaae 

2nV T 4n* I 

MB 0.355x5x10 1.775 x107 
> I = = 


42 4x(3.14)2x22 157.75 
= 1.13 x 10% kg m? 
(c): Here, 6 = 60°, B, = 1.2 x 10°? T 
6, = 30° and 9, = 60° — 30° = 30° 
in stable equilibrium, torques due to two fields 


must be balanced B, 
Le. Ti = Ty 
=> MB, sin 0= MB, sin0, 
(9) n 
or B,=B; = : 30° 
sin0, k B, 
oy, U op eise io™T 


sin 30° 
(c): Here, r = 15 cm = 15 x 10°? m 

N = 3500 turns, I = 1.2 A, u, = 800 
Then number of turns/ length 


ON —— 3500 
(= Sar  2mx15x102 
or B = bob! 
=4n x10’ x 800x 


essay X1.2=4.48T 
27x15x10? 
(b): Here, n = 500 turns/m 
I= 1A, u = 500 
Magnetic intensity, H = nI = 500 m“ x 1 A 
= 500 Am? 
As m=1+x% 
where x is the magnetic susceptibility of the 
material 
or %=(u,-1) 
Magnetisation, M = yH 
= (u, — 1)H = (500 - 1) x 500 Am! 
= 499 x 500 A m“ = 2.495 x 105 Am! 
= 2.5 x 10° Am! 
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PRACTICE QUESTIONS 


>TARGET 


In the given figure, the electron enters into the 
magnetic field as shown. It deflects in 

(a) +ve X direction 
(b) —ve X direction 
(c) +ve Y direction 
(d) -ve Y direction 


The specific resistance of a wire is p, its volume is 
3 m? and its resistance is 3 Q, then its length (in m) 
will be 
= 3 
(a) fp 0) 
p 
oro a 
p V3 
In a straight conductor of uniform cross-section, 
charge q is flowing for time t. Let s be the specific 
charge of an electron. The momentum of all the 


free electrons per unit length of the conductor, 
due to their drift velocity only is 


2 
“() ol 


© (2) (d) ats. 
An electric field is given by E =(yit+ xj)N ct: 
The work done in moving a 1 C charge from 
=(4i+ j)mis 

(b) +4) 

(d) -4J 
Which of the following is called electrical energy 
tank? 
(a) Resistor 
(c) Capacitor 


7, =(2i+2})m to %, 
(a) +8J 
(c) zero 


(b) Inductor 
(d) Motor 


A long wire carries a steady current. It is bent into 
a circle of one turn and the magnetic field at the 
centre of the coil is B. It is then bent into a circular 
loop of n turns. The magnetic field at the centre of 
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10. 


11. 


the coil will be 
(a) nB (b) n?B 
(c) 2nB (d) 2n2B 


A fan works on the principle of 

(a) electric dynamo (b) electric motor 

(c) transformer (d) none of these 

The voltage across a pure inductor is represented 
in figure. Which one of the following curves in 


figure will represent the current? 
V. 


In an electromagnetic wave, the amplitudes of 
electric and magnetic fields are 100 V m™ and 
0.265 A m“. The maximum rate of energy flow 
per unit surface area is 

(a) 26.5 W m? (b) 36.5 Wm? 

(c) 46.7W m? (d) 765 W m? 

In Young’s double slit experiment, intensity at a 
point is (1/4)"" of the maximum intensity. Angular 
position of this point will be 

(a) sin (A/d) (b) sin™ (A/2d) 

(c) sin! (A/3d) (d) sinc! (A/4d) 

The time dependence of a physical quantity P is 
given by P = Pye” where æ is a constant and t is 
time. Then constant o is having dimension of 

(a) [T] (b) [T>] 

() T (a) [T3 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


The velocity of a particle is v = vo + gt + ft’. If its 
position is x = 0 at t =0, then its displacement after 
unit time (t = 1 s) is 

(a) vw-g/2+f (b) vot g/2+ 3f 

(c) + 9/2+f/3 (d) m+gtf 

Two vectors ñ and bare at an angle of 60° with 
each other. Their resultant makes an angle of 45° 
with a.If |b| =2 unit, then |Z|is 


(a) V3 unit (b) (V3 -1)unit 
(c) (V3 +1)unit (d) 8 unit 

2 
The equation of a projectile is y=v3x- 5. 


The angle of projection is given by 


(a) tan") (b) tan™(43) 


T 
(c) 3 
A motorcycle moving with a velocity of 72 km h 
on a flat road takes a turn on the road at a point 
where the radius of curvature of the road is 20 m. 
The acceleration due to gravity is 10 m s. In order 
to avoid skidding, it must not bent with respect to 
the vertical plane by an angle greater than 

(a) tan™!(2) (b) tan™(6) 

(c) tant(4) (d) tan!(8) 

When a man increases his speed by 2 m s”, he 
finds that his kinetic energy is doubled, the 
original speed of the man is 

(a) 2(V2-1)m s” (b) 2X(V2+1)m s” 

(c) 4.5 ms” (d) None of these 


Magnetic field induction at the centre O of a 
square loop of side ‘a’ carrying current I as shown 
in figure is 

I 


(d) zero 


@) RE p Mol q Ph (a) zero 


Find the velocity of centre of mass of the system 


shown in the figure. 


19. 


20. 


21. 


22; 


23. 


24. 


2+243 |^ 25 A 
a | ahiz (b) 4i 
(c) (2-28) isi (d) None of these 


Three rods each of length L and mass M are placed 
along X, Y and Z axes in such a way that one end 
of each rod is at the origin. The moment of inertia 
of the system about Z-axis is 


ML 5 2 MI? 
a) | (b) —3 
3M 2ML? 
© — (d 5 


A parallel plate capacitor of plate area A, 
separation d is filled with dielectrics as shown in 
the given figure. The dielectric constants are K, 
and K,. Net capacitance is 


EA €yA( K +K, 

20 (K. +K. 20o Saa 
@ ek & 

2e,A( KK, 2e,A(K,+K, 
OG (A) Oa | KK 


Two bodies A and B are placed in an evacuated 
vessel maintained at a temperature of 27°C. The 
temperature of A is 327°C and that of B is 227°C. 
The ratio of heat loss from A to B is about 

(a) 2:1 (b) 4:1 

(c) 1:2 (d) 1:4 


' 5). 
If one mole of a monoatomic gas Y=3 is 


mixed with one mole of a diatomic gas £ = 4 > 


the value of y for the mixture is 
(a) 1.40 (b) 1.50 (c) (d) 3.07 


A gas undergoes a process in which its pressure 
P and volume V are related as VP" = constant. The 
bulk modulus for the gas in this process is 


o = 


1.53 


(a) nP (b) Pl" (d) P" 

Which one of the following diagrams correctly 
shows the change in kinetic energy of an iron 
sphere falling freely in a lake having sufficient 


depth to impart it a terminal velocity? 
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25. 


26. 


27. 


28. 


29. 


30. 


38 


KE KE 


(a) (b) 


Depth Depth 


KE 
(c) (d) 


KE 


Depth Depth 
Two radioactive nuclei A and B have disintegration 
constants A, and Ag and initially N, and Ng, 
number of nuclei of them are there. The time after 
which their undistintegrated nuclei are same is 


A aÀg | N e) 1 N 
a) = l| =>] b) ——lIn| —= 
( ) (A, Àp) N; ( ) (A, +z) N, 

1 N 1 N 

c) ——~~lIn| —* (d aah S| 
(Ag -A,) (Fe) k (Àa -Ag) N, 
The magnitude of angular momentum, orbit 
radius and frequency of revolution of electron 
in hydrogen atom corresponding to quantum 
number n are L, r, and v respectively. Then, 
according to Bohr’s theory of hydrogen atom, .... 
is constant for all orbits. 
(a) vL (b) vorL © vrL (d) url? 


If angle of incidence is twice the angle of refraction 
in a medium of refractive index u, then angle of 


incidence is 
2sin7| £ 
(b) 2sin q 


(a) 2cos? ) 
(d) 2 sin“(u) 


(c) 2 cos"(u) 


A telescope uses light having wavelength 
5000 A and lenses of focal lengths 2.5 cm and 
30 cm. If the diameter of the aperture of the 
objective is 10 cm, then the resolving limit of 
telescope is 

(a) 6.1 x10% rad (b) 5.0 x 10% rad 

(c) 8.3 x10* rad (d) 7.3 x 10% rad 


An inductive coil has a resistance of 100 Q. When 
an AC signal of frequency 1000 Hz is applied to 
the coil, the voltage leads the current by 45°. The 
inductance of the coil is 


1 

(@) Fon (b) zon 
1 1 

(c) fon (d) zor 


Diameter of a plano-convex lens is 6 cm and 
thickness at the centre is 3 mm. If the speed of 
light in the material of the lens is 2 x 108 m s~, the 
focal length of the lens is 
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31. 


32. 


33. 


34. 


35. 


36. 


(a) 15cm (b) 20cm 
(c) 30cm (d) 10 cm 


The number densities of electrons and holes in a 
pure germanium at room temperature are equal 
and its value is 3 x 1016 m. On doping with 
aluminium hole density increases to 4.5 x 10” m”. 
Then the electron density in doped germanium is 
(a) 2 x100 m> (b) 5 x 10° mœ 

(c) 4.5 x10? m3 (d) 3 x 10° m> 


In short wave communication wave of which of 
the following frequencies will be reflected back 
by the ionospheric layer having electron density 
10" m°? 

(a) 2.85 MHz (b) 5.25 MHz 

(c) 12 MHz (d) 18 MHz 

The volume occupied by an atom is greater than 
the volume of the nucleus by a factor of about 

(a) 10% (b) 105 

(c) 101° (d) 10 

A student measures the focal length of a convex 
lens by putting an object pin at a distance u from 
the lens and measuring the distance v of the 
image pin. The graph between u and v plotted by 
the student should look like 


alana) v(cm) 
u(cm) 
(a) (b) 
O O u(cm) 


v(cm) 
(c) (d) 
O u(cm) O u(cm) 


In a compound microscope, the intermediate 
image is 

(a) virtual, erect and magnified 

(b) real, erect and magnified 

(c) real, inverted and magnified 

(d) virtual, inverted and magnified 


A rod of length / and mass m is capable of rotating 
freely about an axis passing through a hole at the 
end. The period of oscillations of this physical 
pendulum is 


21 

I 2l 

2T, |— d) 2n,/— 

© 2/55 D nj 


37. 


38. 


39. 


40. 


41. 


42. 


The composition of two simple harmonic motions 
of equal periods at right angle to each other 
and with a phase difference of m results in the 
displacement of the particle along 

(a) circle (b) figure of eight 

(c) straight line (d) ellipse 


The phase difference between two points 
separated by 1 mina wave of frequency 120 Hz is 
90°. The wave velocity will be 

(a) 720 m s (b) 480 m s 

(c) 240 m s’ (d) 180 m s“ 


A jar is filled with two non-mixing liquids 1 and 2 
having densities p; and p, respectively. 


ii 


a FLiquid =p, P2 


A solid ball, made of a material of density ps, is 
dropped in the jar. It comes to equilibrium in 
the position shown in the figure. Which of the 
following is true for p4, pz and p3? 

(a) P1< P3<P2 (b) P3<pP1< P2 

(c) P1> P3 > p2 (d) P1< P2< P3 
Assuming the sun to have a spherical outer 
surface of radius R, radiating like a black body 
at temperature t°C, the power received by a unit 
surface (normal to the incident rays) at a distance 
r from the centre of the sun is 


(a) 4nR’ot* (b) R’o(t + 273)" 
r? Anr? 

16nR?ot* R?o(t + 273)* 

O E O 


The de-Broglie wave present in fifth Bohr orbit is 


HA 


When light of wavelength 300 nm falls on 
a photoelectric emitter, photoelectrons are 
liberated. For another emitter, however, light of 
600 nm wavelength is sufficient for creating photo 
emission. What is the ratio of the work function of 
the two emitters? 
(a) 1:2 

(c) 4:1 


(b) 2:1 
(d) 1:4 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


The peak voltage in the output of a half wave diode 
rectifier fed with a sinusoidal signal without filter 
is 10 V. The D.C. component of the output voltage is 


10 10 
o gY (b) —V 
(© 10V (d) Ay 


Two point white dots are 1 mm apart on a black 
paper. They are viewed by eye of pupil diameter 
3 mm. Approximately, what is the maximum 
distance at which these dots can be resolved by 


the eye? 

(Take wavelength of light = 500 nm). 
(a) 5m (b) 1m 
(c) 6m (d) 3m 


A car is fitted with a convex side-view mirror of 
focal length 20 cm. A second car 2.8 m behind 
the first car is overtaking the first car at a relative 
speed of 15 m sv. The speed of the image of the 
second car as seen in the mirror of the first one is 


1 -1 1 
(a) 10 s (b) i5™ a 
(c) 10 ms” (d) 15 m s 


Let T} and T, be the time periods of springs 
A and B when mass M is suspended from one end 
of each spring. If both springs are taken in series 
combination, the time period is T, then 


ea sE 

(a) TRN 2 (b) T T T, 
1 1 1 

Gramer Wa y 


The angular velocity and the amplitude of a 
simple pendulum are œ and A respectively. At 
a displacement x from the mean position if its 
kinetic energy is T and potential energy is V, then 
the ratio of T to V is 


(A* — x0’) x?" 

@) xo’ i (A? - x0?) 
(4? - x°) x 

(c) — ae (d) (42-0?) 


What is the value of linear velocity, if 

7 =3i-4j+kand @=5i-6j+6k? 

(a) 4i-13j+6k (b) 18i1+13j-2k 
(c) 6i+2j-3k (d) 6i-2j+8k 
Average density of the earth 

(a) does not depend on g 

(b) is a complex function of g 

(c) is directly proportional to g 

(d) is inversely proportional to g 
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50. Which of the following is wrongly matched? 


(a) Barometer-Pressure (b) Lactometer-Milk 
(c) Coulomb’s law-charges 
(d) Humidity-Calorimeter 


SOLUTIONS 


1: 


(d): From Fleming’s left-hand rule, the electron 
deflects in —ve Y-direction. 


(b): Here, R =3 Q and V =3 mè 


, oel pel oO peP o o 
Since, R= "P= y7 v [. V=Al] 
n [Re -(282)" = m 
p p J 
a= sa i 
(a): I=nAev; or 0a = Ae nde ..-(i) 


Number of free electrons per unit length of 

conductor, 

N=" = uu (ii) 
Momentum of all the free electrons per unit 

length of the conductor, 


= Nie GEV a UTE aM, 
PNR aa gay 


=nA 


(c): Here, E= (yitxj)N 


A (2, 2) and B (4, 1) 
B Be. 41 on A N nooo 
fav =[-E-dr =- Í (yi+ xj) (dxi+ dyj+dzk) 
A A 2,2 


41 41 
V-V =- f (ydx + xdy) = — f d(xy) 
2,2 2,2 


= -[xy]y = -(4x1-2%2)=-(4-4)=0 
Was = 4(Vs — Va) = 1(0) = zero. 
(c): Capacitor stores electrical energy whereas 


inductor stores magnetic energy. Hence, capacitor 
is called the electrical energy tank. 


(b): When wire of length / is bent into one turn 

circular coil of radius r, then / = 2mr or r = 1/20 
Magnetic field at centre of coil 

Uy 27I _ uol Z uol 7 unl Ae 

4n r 2r 2x(I/2n) l 

When wire of length / is bent into n turns circular 

coil of radius 7’, then; l = 2nr'n or r = 1/2mn. 
Magnetic field at centre of coil, 

_ Uo g 2nnl unl 


B= 


B’ 
4T r 2r’ 
I "uml 
oe e EO eae äi) 
2(1/ 27n) I 


From equations (i) and (ii), B’ = n?B. 
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10. 


11. 


12. 


13. 


(b): A fan converts electrical energy into 
mechanical energy of rotation. Therefore, it works 
on the principle of electric motor. 


(d): Comparison of graphs shows that in (d) alone, 
current lags behind the voltage by 90° which is 
true only in the case of a pure inductor. 


(a) : Here, amplitude of electric field, 
E)=100 V m3; 
Amplitude of magnetic field, 
Hy = 0.265 A m”. 
We know that the maximum rate of energy flow 
per unit surface area is, 
S = Eo x Ho = 100 x 0.265 = 26.5 W m?. 


(© : Since, I= I,,,, c08? ? 
Here, I= Frnax 
r 4 
max _ I 2 ® 
A max COS” 5 
29 1 
=> fee 
coss =] 
%_1 
or cos5=3 
or ? = cos" 5] = * rad 
2m 
or =— rad 
(o) a 


If Ax is the path difference between two waves, 
then 


2m À 2m 
If angular separation is 9 then d sin® = Ax = A/3 


or sinĝð= x orð = sin™! (3 


(b): Here af? is a dimensionless quantity. 
Therefore, [a] = fone a has the dimension of 
2 t 
[T=]. 
(c) : Given: velocity, v = Vo + gt +f? 
x t t 

As, v= a sof dx = fodt = [o +gt+ ft’)dt 

dt 9 0 0 
or x=vt+ gP/2+ fP/3 
When t= 1s, then x = vo + 9/2 + f/3 
(b): Here, |b |= 2 unit, 8 = 60°, = 45° 

|b sino 
|Z1+1b|cos@ 


14. 


T5. 


16. 


1%. 


tanase = 2560" _ V3 
~ |al42cos60° Iäl+1 
_ iB 
~ lal = 
b 
or lal+1= 3 0 
L 
|| =(V3 -1) unit a 
(b): Here, the equation of projectile is 
2 
Comparing the given equation with 
2 
gx 
= xtanð - —°——_,, 
Y 2v? cos” 


we get, tan0 = V3 =>60= tan (V3) 


(a): Using the formula for motorcycle not to skid 


2 
0= ano2) 
rS 


Here, r=20 m, v=72kmh!= 72x =20ms" 


and g =10 m s? 
PEE 20x20 
~ 20 x 10 


or 0 =tan!(2) 


(b): Let, vı = v m s”, then v, = (v + 2) ms? and 
K =2K, 


Now, kinetic energy, K = Jm? >Kæv 


K, vı 
or —+=|— 
K, \% 


1 v 
= ta K, =2K 
2 (v+2) Bai 
=> v +4v+4=20° 
> v -4v-4=0 
4+416+16 
=> v= 
2 
+ 
or pA ajna 


(d): AB and DC, AD and BC are the two current 
carrying pairs. They are so situated that currents 
of each pair produce equal and opposite magnetic 
fields at the centre O of the loop. Hence, the 
resultant magnetic field induction at the centre O 
of the loop is zero. 


18. (a): Here, m, =1kg, 3,=2ims™ 


m, = 2 kg,Ū, = (2.c0s30°i-2sin 30° j) ne 


= m,0, + m,0, 
OM m +m 
1 2 
_1x 214 2(2cos30° a 2sin30°/) 
~ 1+2 
_2i+2431-2}_[(2+24/3 p2: 
= 3 aw ae 3/ 
19. (b): Moment of inertia of a rod about one end 
ML? 
I = T = 
X Y 3 
Hence, moment of inertia of the system about 
Z-axis 
I = Ix + Iy + Iz 
ML MP? 2M? 
I= + +0= 
3 3 3 


20. (c): The arrangement shown in the figure is 
equivalent to two capacitors of capacitances C, 


and C, connected in series, where 


K,e,A 
C= 1°0 
1 d/2 
Kye,A 
C = 2°0 
2 d/2 
1 1 1 d d 
= + = + 
Cy Cy, C, 2K e,A 2K,e,A 
_ d [K+K 
~ 2e Al KK, 
c,- 2804 K-K; 
S= d (K+K, 


21. (a): Since net heat loss by a body per second, 
E=e0A(T!- T8) 


E, _Tf-T; _ (327 +273)* — (27 +273)‘ 
E, Tj -Tj (227+273)* -(27 + 273) 


_ (600)* -(300)* _ 10°(1296- 81) _ 1215 


(500)* —(300)* 10°(625-81) 544 
HY, _ mY 
-1 -1 
22. (b): Ypy = 
nı n, 
+ 
Yı -1 Yo -1 
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=2.23=2:1 
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23. 


24. 


25. 


26. 


42 


+ ——-= 
AA 
3 5 
= -3-15 
AA 
Saha 
3 5 


(c): VP" = constant 
VP" = (V + AV)(P + AP)" 


=V. EEST 


AV AP ç AVAP 
= 1=1+ +n—+n 
V P V P 
AV AP 
or eo -n Pp” (neglecting the product 
AV AP 
ad 
Now, Bulk modulus of the gas, 
_ -AP P 
~AV/V n 


(b): The velocity of sphere goes on increasing 
till it attains its terminal velocity and then 
continues moving with it. Same is the case with 


its Kef- ym] 
2 
Hence (b) is correct. 


(c): Suppose after time t, nuclei A and B have 
same undisintegrated nuclei 


E 
N=N,e™. 


(b): For hydrogen atom, 
renm,Len 
Also, L = mr? = mr?2nv 


L n 
or v= yO De =— 
2mmr 


1 
s vrL e —-n°-n=1 
n 


= vrLis constant for all orbits. 


4 2 


1 
vr’L -n -n=n 


n 
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1 

v’rL æn? -n= — 
n n 
1 

vrl? x —-n? n? =n. 
n? 


27. (a): According to Snell’s law 


Sere sini 
Refractive index, u = — 
sinr 
Given, i= 2r 
_ sin2r 
sinr 
2sinrcosr -1| H 
or = ——— or r=cos |> 
sinr 2 


= 9¢os7| E 
= i=2cos (5 


28. (a): Here, à = 5000 Å = 5000 x 10" m. 
fa =2.5 cm, fo = 30 cm and a = 10 cm = 0.1 m 


-10 
Resolvinglimit, o = 1224 _ 1.22 (5000 x10") 
a 


0.1 
=6.1 x 10% rad 
x 
29. (b): Since, tang = = 
Here, 6 = 45°, R= 100 Q, v = 1000 Hz 
tan45°=1= Lo 
R_ R 100 
a Lañs Sa 
@ 2m% 2nx1000 
1 
35 foes 
201 H. 


30. (c): Here, r=$= 3 cm, t = 3mm = 0.3 cm. 


If R, is radius of curvature of convex surface, then 
2Rot = r2 


T? 3x3 
aa aos 7 Pom Re 
å 8 3x10 _3 
and eo 2x10® 2 
1 1 1 
As —=( o ) 
R, R, 
13 ee ee 
f 12 co -15} 30 
=> f=30cm 
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31. 


32. 


33. 


34. 


35. 


36. 


37. 


(a): Here, n;= 3 x 1016 m”? and n, = 4.5 x 102 m° 
Since nn,= n? 
electron density in doped germanium, 
_ n; _(3x10*)}? 


; =2x10"m* 
n, 45x10” 


(a): Here, Nmax = 10" m° 
reflected back frequency by the ionospheric 
layer 
v: = 9(N max)? = 9 x (10!) 12 
= 2.85 MHz. 


(a): Since, order of size of atom = 10" m and 
order of size of nucleus = 105 m. 


Volume occupied by an atom _ (107'’)* 
Volume of nucleus ~ (107 )3 


= 1015 


1 
(d): From the lens formula, a : = L eaauiawn 


Í 


Here u is always negative, v is positive. 
Choice (d) is correct. 


(c): The intermediate image in a compound 
microscope is real, inverted and magnified. 


(b): Here, length of rod =1, 
mass of rod = m 
Moment of inertia of rod about one end 


l= 1a . 
3 
Since rod is uniform hence length of centre of 


I 
mass, |’ =—., 
2 


Time period of oscillations, 


1 ml? 
T =2n,| I om3 -2n Z. 
mel’ i l 3g 
2 
(c) : Here, two SHM’s are having phase difference, 
=t rad. 
Their equation of motion, 


x = Asinot 
and y = Bsin(œt + n) = -Bsinot 


(i) 
...(ii) 


From equations (i) and (ii), 
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38. 


39. 


40. 


41. 


42. 


43. 


44. 


zY ory=- 8 x 
A BY A 
This is the equation of a straight line. 


= option (c) is correct. 


(b): Here, Ax =1 m, 6 =90° = * rad, v = 120 Hz 


À 

T 27 
or ~= x] 
2A” 

=> À=4m 


Wave velocity, v = vA = 120 x 4 = 480 ms 


(a): As liquid 1 floats over liquid 2, so pı < pz- 
As solid ball of density p; sinks in liquid 1 and 
floats over liquid 2, so p < p, and p; > p1. 
Hence from above descriptions 

P1 < P3 < P2 
(d): From Stefan’s law, energy radiated by the 
sun per second, 

E=o0AT*=0 x 4nR? T* 
Power received per unit area at distance r from 
the sun, 
E _ox4nR*xT* _ oR?(t+273)' 


Anr? r? 


(d): Only that circular orbit can be a stationary 
energy state which contains an integral number of 
de-Broglie wavelengths. For fifth orbit, we must 
have 

27r =5À 
Hence option (d) is correct. 


(b): Since work function of photoelectric emitter, 


hc 1 
W, = hv, = — ia W « — 
0 0 do 0 Ao 
W, Ar _600_,.4 
W, A, 300 7 


(b): The D.C. component of the output voltage is 
equal to the mean value of the sinusoidal signal. 


V 10 
Ves Vasa == 
(a) : Limit of resolution of the eye, 
1.220 
dð = ——— i 
D ..-(i) 


Suppose the two dots separated by a distance 
d can be just resloved by the eye at a distance 
y, then 


d 
do = Ż „(ii 
y a) 


45. 


46. 


From equations (i) and (ii) 
1.22 d 
D y 
_ Dd _ 3x10° x1x10° 
YTI 1.22 x500x107 


(b): Using mirror formula, 
1,1_1 ; 
o u F ..-(i) 


Differentiating both sides with respect to t 
1 dv 1 du 


dt 2\ dt 


Here, f = 20 cm, u = -2.8 m = -280 cm 
From Equation (i) 
1, 1 1 280 
v -280 20 7 ?=5q5 ™ 


2 
do 280 i 
De som An ii 


=4.92m=5m. 


or 


...(ii) 


and 


This is the required speed of image of second car. 


k 


where k is spring constant of spring A. 


(c) : Time period of spring A, T, = 21 
1 


k, 
where k, is spring constant of spring B. 
For series combination, spring constant 
= kik, 
° ky +k, 


Time period of spring B, T, = 27 


47. 


48. 


49. 


50. 


T=27 [M = 2r [M+ %) 
k kik, 


_ 40M 4M 
k, k, 
(c) : Kinetic energy of SHM, 


or T? 


2 2 
+t, 


T= Jmo?(4? -=x°) (i) 


and potential energy of SHM, 


1 
V =3m0’x? Gi) 
Dividing equation (i) by equation (ii), 
tT (Aa 
Vo £ 
i j k 
(b): B=@x7=|5 -6 6 
3 —4 1 


= i(-6 + 24) — į(5 - 18) + k(-20 + 18) 
=18i +13j-2k 


(c) : Acceleratin due to gravity on earth’s surface 


GM G 4 3  4nGRp 
= = R = 
R? RÈ . 3 TSD 3 
__38 
or GaGR ee 


(d) 
E 


Visit the link to subscribe your Digital magazines 
http://www.magzter.com/publishers/MTG-Learning-Media-Pvt-Ltd 


MTG MAGAZINES GO DIGITAL 


Now, no need to wait for the shipping to 
arrive! You can read all the four digital 
magazines on iPAD, iPhone, iPod touch 
and Android running devices anywhere 
anytime. 


Flexible subscription offer for each ma 
Single issue: Rs 30/- 

6 months subscription: Rs 180 
12 months subscription: R: 


PHYSICS FOR YOU | APRIL'14 45 


BRAIN 


MAP 


Light as a Wave and Wavefro: 


e General equation of displacement of light 
wave 


=asino| t-~ 
y v 
Inspherical wavefront 


1 1 
Amplitude, a œ z Intensity, I ~ 503 
y 


Young's Double Slit Experiment 


Path difference 

d 
forbrightfringe, Ax = = =n 
for dark fringe, Ax = x =(2n= ny 
where n=1, 2,3... 


Distance of nth bright fringe from the 
centre of the screen, 


n DÀ 
X=) n=l 2,3. 


Distance of nt” dark fringe from the centre 
of the screen, 


Da 
’ = (2n-1)— 
ano oa 


Fringe width, B = 2A 


Wavelength of lightused, A = fe 


Angular position of n? bright fringe 
pat 
a D Gl 
Angular position of n dark fringe 
Tae a 

br D Gil 
If the whole YDSE set up is taken in another 
medium then A changes so B also changes 
e.g.in water 


ing pat. 


w Hw 


Interference of Light 


Resultant Intensity in the interference 
pattern of two monochromatic waves 


Tp=] t+], +24 cosġ. 


Constructive interference 
Ifcosġ=1o0rġ=0, 21, 4n. 


then Ip = Imax = (Wh +b)? = (ay +m)? 
Destructive interference 
If cosp=—1 or 6=1, 3m. 


then Ip = Imin = (Yh — Ya)? = (4-0)? 
Fringe visibility 


At =I=ly 


Ip = 2Ig(1+-cosd) = 41g cos? 


Intensity of light is proportional to the 
width of slit I œ= w 
iG _ 


In m w 


Resultant amplitude 


aR =\ a? + a3 + 2am coso 


WAVE OPTICS 


Wave Optics 


Diffraction of Light 
ata Single Slit £ 


Fraunhoffer diffraction 

for n secondary minima 
asinO=nd 

for nt secondary maxima 


asin® = (n+) 


Angular position of nth minima 
one 
eS i 
Angular position of n'? secondary maxima 
À 
8, = 20+) 
Distance of n'® minima from the centre of 
screen 
X,=nDd/a 
Distance of n secondary maxima from the 
centre of screen 


a = (nt) 
a 


wheren=1,2,3.... 
Width of central maxima 
2D 
Bo = 2B = ae 
Angular width of central maxima on either 
side x 
Q=+- 
a 
Angular width of central maxima 
2h 


20=— 
a 


Diffraction of Light at 
Circular Apperture 


Angular spread of central maximum 


Linear spread, x= D0 
Areal spread, x2=(D0)? 
2 


Fresnel distance Zp = m 


Size of fresnel zone dp = VAD 
Where D is the distance at which the effectis 
considered and d is diameter of the 


aperture. 
Fresnel biprism fringe width obtained on 
screen 


Diffraction Gratting 


linch _ 2.54 cm 

N N 
where N is number of lines per inch of the 
gratting plate 


Gratting element=(a+b)= 


For principal maximum in the grating 
spectra 
(a+b)sin=nd. 


Interference in Thin Films 
Inreflected system of light 
For maxima, 
ar 
2utcosr = Gans 


Forminima, 2utcosr=nd 
In transmitted system of light 
Formaxima, 2utcosr =nA 


For minima, 2t cos r = n+) 


Wheren=0; 1,2, Bic 


Polarization of Light 


Law of Malus 


I= Ig cos?0 


where 9 is the angle between the plane of 
polariser and analyser. 


e When a beam of unpolarised light is 
incidenton the polariser then intensity 


I= 5x Intensity of unpolarised light (Ig) 


Brewster's Law 


ustani, and L 


where i, is the polarising angle of incidence 
and r, is corresponding angle of refraction. 


Doppler Effect in Light 


Apparent frequency 
When source (star) move towards the 
observer with velocity v, 


v=vi(1-2} v>» 


When source move away from the observer 
with velocity v, 


v=vi(1+2)}v <v 
c 


e Dopplershift Av=v’-v=+ 


Blueshift Aù =A -A= A 
@ 
where, à’ <À 
: +0 
e Red shift AA =A’-A=—A 
@ 


where, X’ >À 


e Velocity of rocket / aeroplane / submarine, 
which are detected by reflected em waves 


Resolving power of 
Optical Instruments 
Resolving power of a telescope 
Se: 
dð 1.220 
where Dis diameter of the objective lens 

e Resolving power of microscope 


1_ 2usinð 
d À 


Reciprocal of resolving power is known as 
limit of resolution 


Displacement of | 
Interference fringes 


e When a thin transparent sheet of 
thickness ¢ and refrective index p is 
inserted in one of the interfering beams 
path difference introduced 


Ax=(u-1)t 


Displacement of the central bright 
fringe, 


ees ine 
Ara H DFE It 


PRACTICE PAPER 2 Q 14 


All India Institute of Medical Sciences 


Two drops of equal radius coalesce to form a 
bigger drop. What is ratio of surface energy of 
bigger drop to smaller one? 

(a) 22:1 (b) 1:1 

(c) 228:1 (d) 1:21 


1 g of water at atmospheric pressure has volume 
of 1 cm? and when boiled it becomes 1681 cm? 
of steam. The heat of vaporisation of water is 
540 cal g. Then the change in its internal energy 


in this process is 
(a) 540 cal (b) 500 cal 
(c) 1681 cal (d) 480 cal 


A horizontal platform with an object placed on it 
is executing S.H.M. in the vertical direction. The 
amplitude of oscillation is 3.92 x 10° m. What 
must be the least period of these oscillations, so 
that the object is not detached from the platform? 
(a) 0.1256 s (b) 0.1356 s 

(c) 0.1456 s (d) 0.1556 s 


A 4 uF capacitor is charged by a 200 V supply. 
It is then disconnected from the supply and is 
connected to another uncharged 2 uF capacitor. 
The energy lost in the process is 

(a) 3x10°J (b) 3x10°J 

(c) 2.6 x10°J (d) 2.8 x 10°J 


A wire of length 15 cm and radius 0.25 mm 
connected in the left gap of a meter bridge balances 
a 10 Q resistance in the right gap at a point 
which divides the bridge wire in the ratio 3 : 2. 
The specific resistance of the wire is 

(a) 20x107 Qm (b) 2.0 x10352 m 

(c) 2.0 x10% Q m (d) 2.0 x105 Qm 

Two concentric coplanar circular loops of radii 
rı and ry carry currents I, and I, respectively in 
opposite directions (one clockwise and other 
anticlockwise). The magnetic induction at the 
centre of the loops is half due to J, alone. If r, = 2r}, 
the value of I,/I, is 
(a) 2b) 12 


(©) 1⁄4 (d) 1 
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AIIMS 


10. 


11. 


r. 


Exam on 
15t June 
2014 


A magnetic flux of 500 uWb passing through a 
200 turns coil is reversed in 20 x 10s. The average 
e.m.f. induced in the coil is 

(a) 2.5 V (b) 5.0 V 

(c) 7.5V (d) 10.0 V 


A particle covers 4 m, 5 m, 6 m and 7 m in 34, 4", 

5 and 6" second respectively. The particles start 

(a) with an initial non-zero velocity and moves 
with uniform acceleration. 

(b) from rest and moves with uniform velocity. 

(c) with an initial velocity and moves with 
uniform velocity. 

(d) from rest and moves 
acceleration. 


with uniform 


A block of mass 5 kg, resting on a horizontal 
surface, is connected by a chord, passing over a 
light frictionless pulley to a hanging block of mass 
5 kg. The coefficient of kinetic friction between the 
block and the surface is 0.5. Tension in the chord 
is (Take g = 9.8 m s?) 

(a) 49N (b) 36N 

(c) 36.75 N (d) 2.45 N 

A spring of spring constant 5 x 10° N m” is 
stretched initially by 5 cm from the unstretched 
position. Then the work required to stretch it 


further by another 5 cm is 
(a) 12.50 N m (b) 18.75 N m 
(c) 25.00 N m (d) 6.25 N m 


An isolated particle of mass m is moving in a 
horizontal plane (x-y) along the x-axis, at a certain 
height above the ground. It suddenly explodes 
into two fragments of masses m/4 and 3m/4. An 
instant later, the smaller fragment is at y = +15 cm. 
the larger fragment at this instant is at 
(a) y=-5 cm (b) y=+20 cm 
(c) y=+5 cm (d) y =-20 cm 
If a spring extends by x on loading, then the 


energy stored in the spring is (if T is the tension 
and k is the force constant of the spring) 


13. 


14. 


15. 


16. 


17. 


18. 


T? T? 
@) 5 O T 
2k 2T 
(c) T (d) y 


A stick is thrown in the air and lands on the 
ground at some distance from the thrower. The 
centre of mass of the stick will move along a 
parabolic path 

(a) in all cases 

(b) only if the stick is uniform 

(c) only if the stick has linear motion but no 
rotational motion 

only if the stick has a shape such that its 
centre of mass is located at some point on it 
and not outside it 


(d) 


A particle of mass m is tied to a light string and 

rotated with a speed v along a circular path of 

radius r. If T = tension in the string and mg = 

gravitational force on the particle then the actual 

forces acting on the particle are 

(a) mg and T only 

(b) mg, Tand an additional force of mv?/r directed 
inwards 

(c) mg, Tand an additional force of mv*/r directed 

outwards 

only a force mv?/r directed outwards 


(d) 
A U-tube containing a liquid moves with a 
horizontal acceleration a along a direction joining 
the two vertical limbs. The separation between 
these limbs is d. The difference in their liquid 
levels is 

(a) ad/g (b) 2da/g 

(c) dal2g (d) dtan(a/g) 


An electric bulb is designed to draw Py) power at 
Vo voltage. If the voltage is V, it draws P power. 


Then p is given by 
Vo V 
0 b) —P 
@ er, ©) A 


v 2 
o (7) 


The distance between the circular plates of a 
parallel plate condenser 40 mm in diameter, in 
order to have same capacity as a sphere of radius 
1mis 


(a) 0.01 mm (b) 0.1 mm 
(c) 1.0 mm (d) 10 mm 
A metal rod of length 2 m is rotating with 


an angular velocity of 100 rad s” in a plane 
perpendicular to a uniform magnetic field of 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


0.3 T. the potential difference between the ends of 
the rod is 
(a) 30V 
(c) 60V 


(b) 40V 
(d) 600 V 


Current through an AC series L-C-R circuit is 
2 A if operated at resonant frequency and 1 A if 
operated at 50% less than resonant frequency. The 
current (in A) if the frequency is 100 % more than 
the resonant frequency is 


(a) V2 (b) 1 
(c) V3 (d) Data insufficient 
A plano-convex lens of curvature of 30 cm 


and refractive index 1.5 produces a real image 
of an object kept 90 cm from it. What is the 


magnification? 
(a) 4 (b) 0.5 
(c) 1.5 (d) 2 


Two slits are separated by a distance of 0.5 mm 
and illuminated with light of wavelength A = 6000 
A. If the screen is placed at 2.5 m from the slits. 
The distance of the third bright image from the 
centre will be 
(a) 1.5 mm 
(c) 6mm 


(b) 3 mm 
(d) 9 mm 


The torque required to hold a small circular coil 
of 10 turns, 2 x 10* m? area and carrying 0.5 A 
current in the middle of a long solenoid of 
10° turns m” carrying 3 A current, with its axis 
perpendicular to the axis of the solenoid, is 

(a) 127 x 107 N m (b) 6n x107Nm 

(c) 4n x107 Nm (d) 27 x107 Nm 

A convex lens forms an image of an object placed 
20 cm away from it at a distance of 20 cm on the 
other side of the lens. If the object is moved 5 cm 
towards the lens, the image will move 

(a) 5cm towards the lens 

(b) 5cm away from the lens 

(c) 10 cm towards the lens 

(d) 10 cm away from the lens 


A sample of an element weighs 10.38 g. If half- 
life of element is 3.8 days, then after 19 days, how 
much quantity of element will remain? 

(a) 0.151 g (b) 0.32g 

(c) 1.51g (d) 0.16g 


The work done in increasing the size of a 
rectangular soap film with dimensions 8 cm x 3.75 cm 
to 10 cm x 6 cm is 2 x 10* J. The surface tension of 
the film in N m” is 
(a) 1.65 x 10? 

(c) 6.6 x 10°? 


(b) 3.3 102 
(d) 8.25 x 102 
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26. 


27. 


28. 


29. 


30. 


31. 


32. 


If the heat 110 J is added to a gaseous system and 
it acquires internal energy of 40 J, then the amount 
of internal work done is 


(a) 40J (b) 70J (© 150J (d) 110J 


l 
The dimensions of KA is 


(Here, l is the length of rod, K is the thermal 
conductivity of rod and A is area of cross-section 
of rod) 

(a) [ML’T®K] 
(c) [ML’T®K] 


(b) [M"L2T°K] 
(d) [MLT3K7] 


A body starting from rest moves with constant 
acceleration. The ratio of distance covered by the 
body during the 5" s to that covered in 5 s is 


3 1 
2 bož (d) 35 


(a) 35 25 

Same force acts on two bodies of different masses 
3 kg and 5 kg initially at rest. The ratio of times 
required to acquire same final velocity is 

(a) 5:3 (b) 25:9 (c) 9:25 (d) 3:5 


25 
OE 


For what value of R will the current in 
5Q 


galvanometer be zero? 
(a) 1Q 

b) 22 

(c) 5Q 

(d) 72 

A small object placed on a rotating horizontal 
turn table just slips when it is placed at a distance 
of 4 cm from the axis of rotation. If the angular 
velocity of the turn-table is doubled the object 
slips when its distance from the axis of rotation is 
(a) 1cm (b) 2cm (c) 4cm (d) 8cm 


- 12 V 


Circular loop of a wire and a long straight wire 
carry currents I, and I, respectively as shown 
in figure. Assuming that these are placed in the 
same plane, the magnetic fields will be zero at the 
centre of the loop when separation H is 


Circular wire 


I, 
Straight wire T 
IR IR TI nl 
a) = b) = c) — d) — 
Oe OF Of Or 
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33. 


34. 


35. 


36. 


37. 


38. 


39. 


A rod of length 1.4 m and negligible mass has two 
masses of 0.3 kg and 0.7 kg tied to its two ends. 
Find the location of the point on this rod, where 
the rotational energy is minimum, when the rod 
is rotated about the point. 

(a) 0.98 m from 0.3 kg (b) 0.98 m from 0.7 kg 
(c) 0.7 m from 0.3kg (d) 0.7 m from 0.7 kg 


A charged cloud system produces an electric 
field in the air near the earth’s surface. A particle 
of charge -2 x 10° C is acted on by a downward 
electrostatic force of 3 x 10% N when placed in 
this field. The gravitational and electrostatic force, 
respectively, exerted on a proton placed in this 
field are 

(a) 1.64 x 10% N, 2.4 x 1076 N 

(b) 1.64 x 10% N, 1.5 x 10° N 

(c) 1.56 x 10-8 N, 2.4 x 1076 N 

(d) 1.5 x 10° N, 2.4 x 1076 N 


An inductor of inductance 10 H connected in 
series with a resistance R = 6 Q. A 12 V battery 
is connected for a long time. When the circuit 
is switched off, the induced emf in inductor, if 
current reduces to zero in 10 ms, is 
(a) 1000 V (b) 2000 V 
(c) 3000 V (d) 4000 V 


If 2 moles of an ideal monoatomic gas at 
temperature To is mixed with 4 moles of another 
ideal monoatomic gas at temperature 2Tọ then 
the temperature of the mixture is 

(a) (5/3)To (b) (3/2)To 

(c) (4/3)To (d) (5/4)To 


The displacement of a particle is represented by 
the equation: y= so - 2r) : 


The motion of the particle is 

(a) simple harmonic with period 2n/@ 
(b) simple harmonic with period n/m 
(c) periodic but not simple harmonic 
(d) non-periodic 


An engine has an efficiency of 1/6. When the 
temperature of the sink is reduced by 62°C, its 
efficiency is doubled. The temperature of the 
source is 

(a) 37°C (b) 62°C (cœ) 99°C (d) 124°C 


The retarding potential necessary to stop the 
emission of photoelectron, when a target material 
of work function 1.24 eV is irradiated with light of 
wavelength 4.36 x 107 m is 

(a) 0.36 V (b) 1.60 V 

(c) 2.84 V (d) 4.08 V 


40. 


The transfer ratio B of a transistor is 50. The input 
resistance of the transistor when used in the 
common emitter configuration is 1 kQ. The peak 
value of the collector AC current for a peak value 
of AC input voltage of 0.01 V is 

(a) 100 uA (b) 0.01 uA 

(c) 0.25 uA (d) 500 pA 


Directions : In the following questions (41-60), a 
statement of assertion (A) is followed by a statement 
of reason (R). Mark the correct choice as 


(a) 
(b) 


(c) 
(d) 


41. 


42. 


43. 


44, 


45. 


46. 


47. 


48. 


If both assertion and reason are true and reason 
is the correct explanation of assertion. 

If both assertion and reason are true but reason 
is not the correct explanation of assertion. 

If assertion is true but reason is false. 

If both assertion and reason are false. 


Assertion : If a pendulum falls freely, then its 
time period becomes infinite. 

Reason : A freely falling body has acceleration 
equal to g. 


Assertion : A needle placed carefully on surface 
of water may float whereas a ball of the same 
material will always sink. 

Reason : The buoyancy of an object depends both 
on the material and the shape of the object. 


Assertion : It is easier to pull a heavy object than 
to push it on a level ground. 

Reason: The magnitude of frictional force depends 
on the nature of the two surfaces in contact. 


Assertion : If polar ice melts, days will be longer. 
Reason : Moment of inertia decreases and thus 
angular velocity increases. 


Assertion : Two particles moving in the same 
direction do not lose all their energy in a 
completely inelastic collision. 

Reason : Principle of conservation of momentum 
holds true for all kinds of collision. 


Assertion : In a simple battery circuit the point 
of lowest potential is positive terminal of the 
battery. 

Reason : The current flows towards the point of 
the higher potential as it flows in such a circuit 
from the negative to the positive terminal. 


Assertion : When a magnet is brought near iron 
nails, only translatory force acts on it. 

Reason : The field due to a magnet is generally 
uniform. 


Assertion : The presence of large magnetic flux 
through a coil maintains a current in the coil, if 


49. 


50. 


51. 


52. 


53. 


54. 


55. 


56. 


the circuit is continuous. 
Reason : Only a change in magnetic flux will 
maintain an induced current in the coil. 


Assertion : Bigger drops of liquid resist deforming 
forces better than the smaller drops. 

Reason : Excess pressure inside the drop is 
directly proportional to its radius. 


Assertion : The internal energy of a real gas is a 
function of both, temperature and volume. 
Reason : Internal K.E. depends on temperature 
and internal P.E. depends on volume. 


Assertion : If a hole were drilled through the 
centre of earth and a ball dropped into the hole 
at one end, it will not get out of other end of the 
hole. 

Reason : 
normally. 


It should come out of the other end 


Assertion : A particle is projected at an angle 
8 (< 90°) to horizontal, with a velocity u. When 
particle strikes the ground its speed is again u. 
Reason : Velocity along horizontal direction 
remains same but velocity along vertical direction 
is changed. When particle strikes the ground then 
magnitude of final vertical velocity is equal to 
magnitude of initial vertical velocity. 


Assertion : A man who falls from a height on a 
cement floor receives more injury than when he 
falls from the same height on a heap of sand. 
Reason : The impulse applied by a cement floor is 
less than the impulse by a sand floor. 


Assertion : According to the law of conservation 
of mechanical energy change in potential energy 
is equal and opposite to the change in kinetic 
energy. 

Reason : Mechanical energy is not a conserved 
quantity. 


Assertion : At a fixed temperature, silicon will 
have a minimum conductivity when it has a 
smaller acceptor doping. 

Reason : The conductivity of an intrinsic 
semiconductor is slightly higher than that of a 


lightly doped p-type. 


Assertion : The ratio of time taken for light 
emission from an atom to that for release of 
nuclear energy in fission is 1 : 100. 

Reason : Time taken of the light emission from an 
atom is of the order of 10° s. 
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57. Assertion : The de Broglie equation has significance 
for any microscopic or sub-microscopic particle. 
Reason : The de Broglie wavelength is inversely 
proportional to the mass of the object if velocity 
is constant. 

58. Assertion : In front of a concave mirror a point 
object is placed between focus and centre of 
curvature. If a glass slab is placed between object 
and mirror then image from mirror may become 
virtual. 

Reason : Glass slab always makes a virtual image 
of a real object. 


59. Assertion : In Young’s double slit experiment 


Tmax is infinite. 

min 
Reason : If width of any one of the slits is slightly 
increased, then this ratio will decrease. 


ratio 


60. Assertion : If high pressure is applied on a 
radioactive substance rate of radioactivity does 
not change. 

Reason : Radioactivity is a nuclear process. 


SOLUTIONS 


1. (d): Volume of bigger drop = Volume of two 
smaller drops 
4 aR? = 2x ~ aR? 
3 3 
= R’=2"5R 
Initial surface energy, 
U, = 8nR’o 
Final surface energy, 
Up = 40 Ro = 4r x 273 Ro 


U,  4nox 2?/3R2 


=12' 
u, 8nR*o 
2. (b): Here, m =1 g, V, =1 cm? 
V, = 1681 cm? 
L=540 cal g! 


P=1 atm =10° N m” 
<. Latent heat of vaporisation 
Q= mL =1 x 540 = 540 cal 
AV = V, - V1 = 1681 — 1 = 1680 cm? 
= 1680 x 10 m° 
and W = PAV = 10° x 1680 x 10% 


=168 J= 168 cal = 40 cal. 
4.2 


Change in internal energy. 
AU = Q - W = 540 - 40 = 500 cal 


3. (a):For object not to get detached from the 
platform, 
Amax SJO wr Ag 
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5. 


2 -3 
or (28) ace oT p =2n [4 -2r [3.92x10 
T g 9.8 


= 2n x 2 x 10? = 0.1256 s 
(c) : Here, C4 = 4 uF, V; = 200 V, 
Cy, =2 uF. 
Initial energy stored in Cy, 
ES save = 5% (4x10°9)(200) 


=8x107J 
and charge on capacitor C, 
qı = CyV, = 4 x 200 = 800 uC. 
After connecting of C, to C, common potential, 
_ 4 _ GV, _ 800 _ 400 
C+C, C+C, 4+2 3 


v2 
; 1 2 
Final energy, E, = 5 +Cy)V5 
1 400 Ý 
==x6x10*x| ——| =5.33x10° J 
2 3 
Loss of energy = E; - E, 


=8 x 10%- 5.33 x 107 = 2.67 x 107 J 
(d) : Here, /=15 cm =0.15 m, r=0.25 mm =0.25 x 10° m 


L 3 
S=02 -L 

For meter bridge balance, 
R_ L 
S 100-L 
R3 R- eG 
10 2 2 


Specific resistance of the wire, 
2 -352 
me Rar _ Rx3.14x (0.25 x 10“) 
l 0.15 


625x1071? 


=2x10° Qm 
15x107 


=15x3.14x 
(d): Fields atthe centre due to both circular loops of 
uo 27h _ Ho 27l 
4n 1 4m n 


Here B, and B, are in opposite direction. 
Therefore resultant magnetic field induction is 


radii r4 and r, is B} = and B, 


L Mol 
B=B,-By= Holy _ Moto 
27, 2 
Mol; Moh _ M 
= O10? 2-0 (91, - 15) [E n =2] 


2r 2x2 4n 
As per question, B = B,/2 
1 ” Ugly 
2 2f 


=> Ho 
21, -I,)= 
4 A ( 1 2) 


10. 


I 
or 2h-h=horh=h => 2=1 
1 
(d): Here, Ad = 6, — b; = 200 [500 — (- 500)] uWb 
= 200000 uWb 
=0.2 Wb 
At = 20 x 10% s 
emf induced in the coil, 
gots e iy 
dt 20x10° 


(a): Since distance covered in n second, 
a 
S=u+—(2n-1 
nD 


4=u+5(2x3-1) or aur, (i) 


5=u+5(2x4-1) or 5=u+ Gi) 
Subtracting equation (i) from (ii) 


E E ie 
2 2 2 


Again, 4=u+2 or u=4-2=15ms7 


So, the initial velocity is non-zero and acceleration 
is uniform. 


(c) : Refer to the free body diagram of block B 


5g — T= 5a or T = 5g — 5a (i) 
T 
ay 
Am ely 
58 


Refer to the free body diagram of block A 
T-f=5a 


or 5g-5a-0.5x5xg=5a (using (i)) 
or 10a = 2.5g = 2.5 x 9.8 
or a=0.25 x 9.8 m s°= 2.45 ms? .(i) 


Again from Equations (i) and (ii) , 
T= (5 x 9.8 — 5 x 2.45) N 
= (49 — 12.25)N = 36.75 N 


(b): Potential energy stored in spring when it 
stretched by 5 cm is 


U, = sky = 5x5x10" x(5x1077)? = 6.25 J 
Potential energy stored in spring when it is further 
stretched by 5 cm is U, = TE + x3)? 

= 5x5x10° x(5x107+5x107)* = 25 J 


Work required to stretch further = U, - U, 
= 25 — 6.25 = 18.75 J = 18.75 Nm 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


(a) : Since there is no external force acting on the 
particle, hence 
_ My tmy _ 
YOM mı +m, 


3 
(apea r] =0 


=> y =-5cm 


0, 


(d): In equilibrium, T = mg 
Work done in extending = energy stored in 
the spring 


Energy stored = mgx = Tx 


orx 2T 

k k 
(a): We may consider the entire mass of the stick 
to be concentrated as a point mass at the centre of 
mass of the stick. As the centre of mass moves as 
a projectile, it will move along a parabolic path. 


(a): The force mv?/r directed outwards, called 
centrifugal force, is not a real force but a 
pseudoforce. 


(a): Let A = area of cross-section of the tube, 
p = density of the liquid. 
Consider the section AB of = 
the tube. d 
Mass of the liquid in AB = dAp. | [5 
Pressures at A and B haf- 
= hpg and hpg. | i 
Net force to the right on AB i 
= (hpg — hıp8)A. 
<- (hy-h)pgA = (d Ap)a 
or (h,- h)g = da 
or hy-h,=ad/g. 


(c) : Let R = resistance of the bulb. 


y2 

P = 

R 

2 

> po 8 
Po 


y? vy 
Now, P= = 7 = Py 
R (Vg /Py) | Yo 


(b): According to question, 

Capacity of spherical condenser = Capacity of 
parallel plate 
capacitor 
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18. 


19. 


20. 


2i; 


22. 


54 


E,A 
Aner = 2— 
d 


Pa nR? _ n(20x10°)? 
~Anr 4nr 4nx1 
(c) : Induced emf, when rod rotates in a vertical 


plane perpendicular to magnetic field 


=0.1 mm 


e= 1 Bo 
2 
Here, B =0.3 T 
1=2 mand o = 100 rad s 


= 50.3% (2)? 100 =60V 


(b): At resonance, Xc = X; 
If œ is made 50% less than resonant frequency i.e. 
half 


X 
then Xc =2Xçc and X = T 
1 
as Xç ~ — and X; œ œ 
If w is made 100% more than the resonant 
frequency i.e. two times, 


, Xc 7 

then, Xc = a and X’, = 2X, 
i.e., value of Z will remain unchanged, so, current 
should be 1 A. 
(d): From lense maker’s formula 

1 1 1 1 1 

=-=(-1) 

v u f R, R, 
Here for plano-convex lens 

R, =e, R, =-30 cm 

u =-—90 cm, u =1.5 


ES e S A 
30) 60 


u 


(d): Distance of n™ bright fringe from the centre, 


nDÀ 
Xa = d 
3x 2.5 x 6000 x 10719 
So, X3 = = 
0.5x10 


=9 x 10 m =9 mm 
(a): Magnetic dipole moment of current loop is 
M = NIA =10 x 0.5 x 2 x 10# = 10° A m? 
Magnetic field due to the carrying current 
solenoid 
B = unl = 47 x 107 x 108 x 3 
=12r7 x 10*T 
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23. 


24. 


25. 


26. 


27. 


28. 


29. 


Torque, t= MB sin 8 
=10°x« 127 x 10+ x sin 90° 
=127 x 107 N m 


(d): Clearly, in the first arrangement, 2f = 20 cm 
or f=10 cm 
Now, u =-15 cm, f= 10 cm 

1 1 


ete 
>? v 5 10 
1 1 1 1 1 1 
or +—=— or -= 
v 15 10 v 10 15 
o 2237221 oro=30em 
v 30 30 
The change in image distance = 30 - 20 
= 10 cm (away from the lens) 
t/T 
(b): As x (3) 2 
Nọ (2 mo 
m 1 19/3.8 
10.38 (2 
5 
=> m=10.38x 1 =W ogg 
2 32 


(b): Change in surface energy = 2 x 10* J 
AA =10 x 6-8 x 3.75 = 60 - 30 

= 30 cm? = 30 x 10* m? 
Work done W = T x 2 x 30 x 10+ 
=> T=3.3x10°?N m” 
(b): Here, dQ = 110 J, dU = 40 J 
Since dQ=dUu+dw 

dW= dQ -dU=110-40=70J 


dQ KAdT 
(b): Since rate of heat flow ae = EA 
I dT _ | kelvin x second 
KA | (dQ/dt) joule 
= a = [ML ŻT?K] 
[MLT] 
(a): Distance covered in 5" s is 
a 9a ; 
D. =0+-(2x5-1)==— wd 
5 >S ) A (i) 
Distance covered in 5 s is 
1 2 25a 
S.=0+—xax5* =— (i 
5 ge 5 (ii) 


Dividing equation (i) by (ii) 
9 
S; 25 
(d): m; = 3 kg, m, = 5 kg, u; = u, = 0 and v; = v, =v 
As F; = F, (Same force is acting on the bodies) 


04 — Uu U5 =H 
t ty 
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30. 


31. 


32. 


33. 


56 


= 3 (2-9) _5 (2-9) 3v = 5v P hH = 30 
A ty tf ty h w 
t b=3 5 
a e Oe 
T 
(d):7V R RV 
E D A 
Applying Kirchhoff’s second law to the closed 
loop ABCDA, we get 
-5I-I’R+12=0 ...(i) 


Again, applying Kirchhoff’s second law to the 

closed loop CDEFC, we get 
-I'R+7=0 

Since current in galvanometer is zero 
I= 

Solving equations (i), (ii), and (iii) we get 
R=7Q 


(i) 
...(iii) 


(a): The object will slip if 
centripetal force = force of friction 
mro? > umg 
=> r?’ yug 
rœ? = constant 


2 
Dis) Ds 
n |a 


(a) : Magnetic field at the centre O of the circular 


Uo 27l, 

R 
Magnetic field at the centre O of the circular 
loop due to current through long straight wire is 


current loop is B= 


As the resultant magnetic field at O is zero (given), 
hence B; and B, must be equal in magnitude and 
opposite in direction. So 


Ho 2ml, _ Mo Ze gp yy TR 
4n R 4n H Th 


(a): Rotational energy is minimum when moment 
of inertia is minimum about the axis of rotation. If 
this point is at distance x from 0.3 kg mass, then 
T= 0.3x? + 0.7 (1.4- x} 
cas dI 
Now, for minima. — = 0 
dx 

or 0.6x + 1.4(1.4-—x)(-1) =0 
or x=0.98 m. 
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34. (a): As E=— 


35. 


36. 


37. 


38. 


39. 


40. 


-6 
FN gd 
q 210°C 

Electrostatic force on a proton 

=eE =1.6 x 107 x 1.5 x 108 = 2.4 x 10716 N 
Gravitational force on a proton 

= mg = 1.67 x 10°” kg x 9.8 m s? 

=1.64 x 10% N 
(b): When the battery is connected for a long 
time, 

V=RIor12=6x]I 
or [=2A 
When the circuit is switched off 
The induced emf, 
di | 0-2 
dt 10x107 
: Let T be the temperature of the mixture. 

U= Uy, ga U, 

> Len +My)RT = FnRT, + Lny(2RT9) 


or (2+4)T=2T)+8Tp 
or T=(5/3)T> 


E= 


7 V = 2000 V 


(as nı = 2, Ny = 4) 


: Comparing y = 3cos(n/4 — 2%t) 
= 3cos(2mt — 7/4) with equation of SHM 
y =A cos(at — p) 


2 
= Acos 24 -0), we get 


Ft = 2a or T=1/o 


T. 
(c): As n, =1- 2, 
n1 T 
11-b ar -5r 
T, 
T, 
1 T, -62 [F-| 
Further, n, =2x—=1 Va 
6 T T 
5T, 
Lagali he i 
6 3 3 
5T, 2 


T, 
—1_-T, =625 + =62 
6 3 6 


T; = 372 K = (372 — 273)°C = 99°C 


(b): As E=——— = ——— = 2.84 eV 


Kmax = E -W=1.6 eV 
or, the retarding potential is 1.6 V. 


Al 
(d): B= —£ =50, R;=1kQ=10°Q 
Al, 


41. 


42. 
43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


AV, 
er eae 


Al. = B Al, = 50 x 10% A = 500 pA 


=10°A 


(b): Though a freely falling body has an 
acceleration g, for a freely falling pendulum 
(which is suspended from a rigid support), the 
effective value of g is zero. Being in an accelerated 
reference frame, it also experiences a pseudo- 
acceleration (—¢). Since g = 0, T becomes infinite. 
(c) 

(b): Normal contact force is greater in pushing 
than in pulling. 

(b): As the polar ice melts, water so formed flows 
towards the equator. The moment of inertia of the 
earth increases. To conserve angular momentum, 
angular velocity decreases. This increases the 
length (T = 27/œ) of the day. 

(b): If the particles moving in same direction lose 
all their energy, final momentum will become 
zero, whereas initial momentum is not zero. 


(d): Both assertion and reason are false. In a 
battery circuit, the point of lowest potential is 
the negative terminal and the point of highest 
potential is the positive terminal of the battery. 

Ina circuit, the current flows from higher potential 
to lower potential i.e., from positive terminal to 
negative terminal of the battery. 


(d): Both assertion and reason are false. The field 
of the magnet on the nails is non-uniform. It exerts 
both a net force and a torque on the induced poles 
of the iron nails. 


(d): Ifthere is no changein the magnetic flux linked 
with the coil, there is no induced current. The 
current induced in a coil is directly proportional 
to the rate of change of magnetic flux linked with 
the coil. 

(d): Excess pressure inside the drop of radius r 


and surface tension S is 


p=2 


As excess of pressure inside the drop is greater in 
small drop as compared to the large drop, due to 
which the small drop of liquid resists deforming 
force better than the large drop. 

(a): In real gas, intermolecular forces do exist. 
Work has to be done in changing the distance 
between the molecules. Therefore, internal energy 
of real gas is sum of internal K.E. and internal P.E. 
which are functions of temperature and volume 
respectively. 


51. 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


(c) : The ball will not get out of the other end of the 
hole, because it will execute SHM. On reaching 
the other end of the hole, its velocity becomes zero 
and acceleration of ball is maximum and directed 
towards the centre of earth. 


(a): u, =u cos9, a,=0 
V, = U, + A, t= u, =u cos® 
uy =u sinO ; a,=— 8 
2usinð 


vy=usinð-gt = usinð - g 
: 8 


v=-u sind. 


(c) : Cement floor being hard, stops the fall of the 
man immediately i.e., At is very small. In case of 
sand, momentum of fall of the man is reduced to 
zero in a much longer time, AT. 

Hence, fAt = FAT = AP as At < AT so f >> F 
(where f and F are force applied by a cement floor 
and heap of sand respectively.) 


(c) : For conservative forces, the sum of kineticand 
potential energies at any point remains constant 
throughout the motion. 

According to this rule, 

Kinetic energy + Potential energy = E = constant 
or AT+AU=0 or AT = -AU 


(d): The conductivity of an intrinsic 
semiconductor is less than that of a lightly doped 
semiconductor. 


(a): Time taken for the light emission from an 
atom = 10° s. 
Time taken for release of energy in fission = 10° 


108 1 
Required ratio = w” = Too =1:100 
Winks jal”: 
mv 1 
For constant v, À œ — 


m 
à is significantly measurable only in case of 
microscopic or sub-microscopic particles. 


(c) : Glass slab will shift the object towards mirror. 
If it comes between pole and focus image will 
become virtual. 


(a): Imax > 4h and Imin = 0 j: Tmax = infinite 
I min 

If width of one slit is slightly increased Imin > 0. 

Therefore this ratio will be less than infinite. 


(a): Rate of a nuclear process cannot be altered 
by altering pressure or temperature. Because any 
nuclear process involves huge amount of energy. 

an 
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PRACTICE PAPER 2Q 14 


BITSAT 


1. A particle starts from rest and traverses a distance 
2x with uniform acceleration, then moves 
uniformly over a further distance 4x and finally 
comes to rest after moving a further distance 
6x under uniform retardation. Assuming entire 
motion to be rectilinear motion, the ratio of 
average speed over the journey to the maximum 


speed on its way is 
4 3 2 1 

G7 OF OF WME 

2. Acar is moving in a circular horizontal track of 
radius 10 m with a constant speed of 10 m/s. A 
plumb bob is suspended from the roof of the car 
by a light rod of length 1 m. The angle made by 
the rod with the vertical is 


(a) zero (b) 30° (e0) 45° (d) 60° 


3. A simple pendulum has time period T. A uniform 
rod, whose length is the same as that of the 
pendulum, undergoes small oscillations about its 
upper end. Its time period of oscillation will be 
(a) <T (b) T 
() >T 
(d) may be (a), (b) or (c) depending on whether 

T is <, equal to or > 2 seconds 


4. A metal ball immersed in alcohol weighs W, at 
0°C and W, at 59°C. The coefficient of cubical 
expansion of the metal is less than that of alcohol. 
Assuming that the density of the metal is large 
compared to that of alcohol, it can be shown that 
(a) Wi> W2 (b) Wi < W2 
(c) Wi= Wo (d) Wi =2W2 


5. At what temperature, the average kinetic energy 
of translatory motion of a gas molecule will be 
equal to that of an electron accelerated through a 
potential difference of 10 V? Boltzmann constant, 
k=1.38 x10 J K! 

(a) 2.42 x 10° K (b) 7.73 x 10 K 
(c) 2.42 x 104K (d) 7.73 x 104K 


6. An ideal gas is taken through the cycle A B C A, 
as shown in figure. If the net heat supplied to the 
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Exam from 
14th May to 
15t June 


gas in the cycle is 5 J, work done by the gas in the 
process C > A is 


o 5 10 
—> P(N m2) 

(a) -5J (b) -10) (©) -15J (d) -20J 
When a stretched wire and a tuning fork are 
sounded together, 5 beats per second are 
produced, when length of wire is 95 cm or 
100 cm, frequency of fork is 
(a) 90 (b) 100 (cœ) 105 (d) 195 


Three point charges +q, -2q and +q are placed at 

points (x = 0, y = a, z = 0), (x = 0, y = 0, z = 0) and 

(x=a, y=0,z=0)and (x =a, y=0 z= 0) respectively. 

The magnitude and direction of the electric dipole 

moment vector of this charge assembly are 

(a) V2 qa along the line joining the points (x = 0, 
y =0,z=0) and (x =a, y=a,z=0). 

(b) qa along the line joining the points (x = 0, 
y =0,z=0) and (x =a, y=a,z=0). 

(c) V2 qa along + x direction 

(d) V2 ga along + y direction. 


In the following combinations of logic gates, the 
outputs of A, B and C are respectively 


1 
(A) | a 5 
l 0 
TaS 


1 
eo 
T 


(a) 0,1,1 (6) 0,1,0 (c)1,1,0 (d) 1,0,1 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


A car of mass 400 kg, travelling at 72 km ht 
crashes into a truck of mass 4000 kg, travelling at 
9 km h” in the same direction. The car bounces 
back at a speed of 18 km h. The speed of the 
truck after the impact is 

(a) 9kmh! (b) 18kmh! 

(c) 27 km h! (d) 36 km h 


A wire of length 2 m is made from 10 cm of copper. 
A force F is applied so that its length increases by 
2 mm. Another wire of length 8 m is made from 
the same volume of copper. If the force F is applied 
to it, its length will increase by 

(a) 0.8cm (b) 16cm (c) 2.4cm(d) 3.2 cm 


The magnetic field due to a current carrying 
circular loop of radius 3 cm at a point on the axis 
at a distance of 4 cm from the centre is 54 uT. What 
will be its value at the centre of the loop? 

(a) 250uT(b) 150uT (c) 125 uT(d) 75 uT 


The input resistance of a silicon transistor is 
100 Q. Base current is changed by 40 uA which 
results in a change in collector currently by 
2 mA. This transistor is used as a common emitter 
amplifier with a load resistance of 4 kQ. The 
voltage gain of the amplifier is 

(a) 2000 (b) 3000 

(c) 4000 (d) 1000 


Vector A has a magnitude of 5 units, lies in the 
xy-plane and points in a direction 120° from 
the direction of increasing x. Vector B has a 
magnitude of 9 units and points along the z-axis. 
The magnitude of cross product A x B is 

(a) 30 (b) 35 (c) 40 (d) 45 
Calculate the acceleration due to gravity on the 
surface of a pulsar of mass M = 1.98 x 10% kg 
and radius R = 12 km rotating with time period 
T = 0.041 seconds. (Take G = 6.67 x 10-!! MKS) 

(a) 9.2 x 101! ms? (b) 8.15 x 101! m s? 

(c) 7.32 x10 ms? (d) 6.98 x 101! ms? 


An alternating emf e = 2202 sin100t V is applied 
to a capacitor 1 uF. The current flowing through the 


capacitor is 
(a) 22 mA (b) 12 mA 
(c) 32 mA (d) 42 mA 


A tuning fork and a sonometer wire sounded 
together produce 4 beats per second when 
the length of the wire is 95 cm or 100 cm. The 
frequency of the tuning fork is 

(a) 156 Hz (b) 152 Hz 

(c) 148 Hz (d) 150 Hz 


18. 


19. 


20. 


21. 


22. 


23; 


24. 


25; 


Two springs A and B are identical except that A 

is stiffer than B i.e., ky > kp. If the two springs are 

stretched by the same force, then 

(a) more work is done on B i.e., Wg > Wa. 

(b) more work is done on A i.e., Wa > Wp. 

(c) work done on A and B are equal. 

(d) work done depends upon the way in which 
they are stretched. 


A wheel turning with angular speed of 30 rev s! 


is brought to rest with a constant acceleration. It 
turns 60 rev before it stops. The time that elapses 
before it stops is 

(a) 2s (b) 4s 


(c) 5s (d) 6s 


IP 

mn 

The percentage error in the measurements of k, l, 
mand n are 1%, 2%, 3% and 4% respectively. The 
value of X is uncertain by 

(a) 8% (b) 10% 

(c) 12% (d) none of these 

A rope is wound round a hollow cylinder of mass 
3 kg and radius 40 cm. If the rope is pulled with a 
force of 30 N, angular acceleration of the cylinder 
will be 

(a) 10 rad s? (b) 15 rad s? 

(c) 20 rad s? (d) 25 rad s? 


The acceleration due to gravity at the poles and 
the equator is g, and g, respectively. If the earth 
is a sphere of radius R and rotating about its axis 
with angular speed w, then gp — ge is given by 


2 
(a) R (b) R2 


A physical quantity X is given by X = 


(c) w*R* (d) wR 


The half-life of ©°Co is approximately 5.25 years. 
In a sample containing 1 g of freshly prepared 
60Co, how much of the isotope will be left after 


21 years? 
(a) 125mg (b) 62.5 mg 
(c) 31.25 mg (d) nothing will be left 


A wire of length 100 cm is connected to a cell 
of emf 2 V and negligible internal resistance. 
The resistance of the wire is 3 Q. The additional 
resistance required to produce a potential 
difference of 1 millivolt per cm is 

(a) 602 (b) 47Q (ġġ 57Q (d) 35 


Two slits separated by a distance of 1 mm 
are illuminated with red light of wavelength 
6.5 x 10-7 m. The interference fringes are observed 
on a screen placed 1 m from the slits. The distance 
between the third dark fringe and the fifth bright 
fringe is equal to 
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26. 


27. 


28. 


29. 


30. 


31. 


32. 


60 


(a) 0.65 mm 
(c) 3.25 mm 


(b) 1.63 mm 
(d) 4.88 mm 


When a dc voltage of 200 V is applied to a coil of 


self inductance (2./3/m) H, a current of 1 A flows 
through it. But by replacing dc source with ac 
source of 200 V, the current in the coil is reduced 
to 0.5 A. Then the frequency of ac supply is 

(a) 100 Hz (b) 75 Hz 

(c) 60 Hz (d) 50 Hz 


A compound microscope has an eye piece of focal 
length 10 cm and an objective of focal length 4 
cm. Find the magnification, if an object is kept 
at a distance of 5 cm from the objective, so that 
the final image is formed at the least distance of 
distinct vision 20 cm. 

(a) 12 (b) 11 (c) 10 (d) 13 


According to Bohr’s theory the energy of an 
electron in hydrogen atom starts corresponding 
to n= 1, 2, 3, 4 is respectively — 13.6 eV, — 3.4 eV, 
—1.51 eV and —0.85 eV. In order to obtain emission 
of Hg line of Balmer series, the energy that has to 
be given to a normal hydrogen atom is 

(a) 12.75eV (b) 14.45 eV 

(c) 2.55 eV (d) 4.25 eV 


The equivalent resistance between points A and B 
with switch S open and closed are respectively 


1279 
WWW -B 
S 
6Q i 6Q 
A 
129 
(a) 42,8 b) 89,42 
(c) 62,92 (d) 92,62 


If a rod has a resistance 4 Q and if rod is turned as 
half cycle, then resistance along diameter is 

(a) 1.56 Q (b) 2.44 Q 

(c) 4Q (d) 2Q 


A solenoid of length 30 cm with 10 turns per 
centimetre and area of cross-section 40 cm? 
completely surrounds another co-axial solenoid 
of same length, area of cross-section 20 cm? with 
40 turns per centimeter. The mutual inductance of 
the system is 
(a) 10H 

(c) 3mH 


(b) 8H 
(d) 30mH 


A prism of refractive index and angle A is placed 
in the minimum deviation position. If the angle of 
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33. 


34. 


35. 


36. 


37. 


38. 


39. 


minimum deviation is A, then the value of A in 
terms of u is 


(a) sin! (4) 


(c) 2cos + (4) (d) 
In the circuit shown, the 
internal resistance of the 
cell is negligible. The 
steady state current in 
the 2 Q resistor is 

(a) 0.6A 

(b) 0.9A 

(c) 12A 

(d) 15A 

Interference fringes were produced in Young’s 
double slit experiment using light of wavelength 
5000 A. When a film of material 2.5 x 10-3 cm thick 
was placed over one of the slits, the fringe pattern 
shifted by a distance equal to 20 fringe widths. 
The refractive index of the material of the film is 
(a) 1.25 (b) 1.33 (c) 14 (d) 1.5 
Consider an n-p-n transistor amplifier in common 
emitter configuration. The current gain of the 
transistor is 100. If the collector current changes by 
1 mA, what will be the change in emitter current ? 
(a) 11mA (b) 1.01 mA 

(c) 0.01 mA (d) 10mA 


When radiation of the wavelength A is incident on 
a metallic surface, the stopping potential is 4.8 V. 
If the same surface is illuminated with radiation 
of double the wavelength, then the stopping 
potential becomes 1.6 V. Then the threshold 
wavelength for the surface is 

(a) 2A (b) 4A (c) 6A (d) 8A 


The work function of a substance is 4.0 eV. 
The longest wavelength of light that can cause 
photoelectrons emission from this substance is 


(b) 


approximately 
(a) 540nm (b) 400 nm 
(c) 310nm (d) 220nm 


The potential difference between the plates of a 
parallel plate capacitor is changing at the rate of 
10° Vs. Ifthe capacitance is 2 uF, the displacement 
current in the dielectric of the capacitor will be 
(a) 1A (b) 2A (c) 3A (d) 4A 


The equation y= Asin on £ - z] where the 


symbols carry the usual meaning and A, T and A 
are positive represents a wave of 


40. 


(a) amplitude 2A (b) period = 


À 
d= 
(c) spee T 


(d) velocity in negative x-direction 


A chain of 5 links each of mass 0.1 kg is lifted 
vertically with a constant acceleration 1.2 m s7. 
The force of interaction between the top link and 
the one immediately below it is 

(a) 55N (b) 44N 

(c) 3.04 N (d) 7.6 N 


SOLUTIONS 


1. 


(b): Refer figure, let t4, tp and t; be the times taken 
by the particle to cover the distances 2x, 4x and 6x 
respectively. Let v be the velocity of the particle at 
B i.e. maximum velocity. 

2x 4x 6x 


A Acca; B  uniformcC Reta, D 


motion 
The particle moves with uniform acceleration 
from A to B. 
For motion from A to B, 
O+v_v 


2 2 


Time taken, t4 = _ = tx 


Particle moves with uniform velocity from B to C, 


time taken, t, = Ax 
v 


Average velocity = 


The particle moves with uniform retardation from 
C to D. 


time taken, t, = _ 6x _ 12x 


(0+0)/2 v 
Total time taken = t4 + ty + tg 
4x P 4x a 12x _ 20x 


v v v v 
_2x+4x+6x _ 12v o vav _12_3 
av 20x/v 20 v 20 5 


(c): 


The radial acceleration is 
v? _(10ms"')? 


= =t =] = 
a, r 10m Unive 
If T= tension in the rod then Tcos0 = mg, 
T sin0 = ma,. 


or tan0="t=10r0=45°. 


(a): T=2n,/1/ ¢ 


where | = length of simple pendulum = length of 
rod. 


T= (mg)sin0, 


2 
For small 8, t= 5 mgl0 = Ia = Er 


3 
3g 
or a= (38) 


Comparing with the equation, g = a0 =-w0 
we get dt? 


Time period = 2n =. 
\3g 


Hence, time period of rod is less than time period 
of simple pendulum. 


(a): Let Vo, V; = volume of the metal ball at 0°C and 
t°C respectively. 
Po P:= density of alcohol at 0°C and #°C respectively. 
Then 

W1 = Wo - Vopog 
and W3 = W;- Vipig 


p , 
where V; = Vo(1+ ynt) and P; = a ay D ges) 
Upthrust at t°C = Vip.g 
- Po oyp QtYnb) (using (i 
snp = Veo aye g6) 


AS Ym < Ya hence upthrust at t°C is less than at 
0°C. It means upthrust has been decreased with 
increase in temperature. Due to which W > Wp. 


(d): Mean translational K.E. per molecule of a gas 


3 
==kT 
2 
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and kinetic energy of electron when accelerated 
through a potential difference V is 


3 
V=ĊÊKkT 
er =z 


2eV_ 2x(1.6x10™°)x10 


= 4 
3k 3x1.38 x10” Aii 


or T= 


(a): AWap= PAV =10(2-1)=10] 
AWgc=0, 5 
because V is constant. 


From first law of 
thermodynamics, 
AQ=AW+AU 
As ABCA is a cyclic 
process, 
AU =0 
AQ = AWag + AWgc + AWca 
= AW4g Ra AWca 
or AWca = AQ = AWap 
=5-10=-5J. 


4 
> 
yi 


(d): Let the frequency of tuning fork be n. 
Suppose lı = 95 cm has frequency n; and 
1, = 100 cm has frequency ny ( < n) 


Now, nı-n=5 ...(i) 
n-n=5 (ii) 
Adding, we get nı - n2 = 10 ... (iti) 
Also, ʻi- k 21M 
n 1 95 
100 
i> gee 
From (iii), 
En, —n, = 10, n, = 190 
From (ii), 
n =m +5 = 190 + 5= 195 Hz. 
(a): The given 


charge assembly is 
equivalent to two 
dipoles. One dipole = 
of charges -q and +q 
has dipole moment 


2 O P 4(a, 0,0) 
Pı along positive a 
X-direction and Z 


other dipole of charges -q and +q has dipole 


moment p, along positive Y-direction. The 
resultant dipole moment p has magnitude, 


pap? +p = yga? + 92a? = V2qa 
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10. 


11. 


12. 


p is directed along OP , where P is (a, a, 0). 


o: Or 0 1 1 
0 
1 
1 
pce 
0 
(C) 4 0 
al 


The outputs of A, B and C are respectively 
1, 1, 0. 
(b): Here, mı = 400 kg 


5 " 
u =72 km h = 72x — m s™! = 20 m s™! 


m = 4000 kg 
u =9 km h! -9x2 =25ms” 
18 


vı = -18 km h” = -18x2 =-5ms™ 

According to law of conservation of linear 
momentum, we get 

MyUy + MU = M1V1 + M702 

400 x 20 + 4000 x 2.5 = 400 x (-5) + 4000 x v2 

20+ 25=-5 +100, 

45 = -5 + 10v, 


v2=5mst= 5x 18 km h!=18 km h“! 


(d): As in question, materials are same 
Y= Yı = Yo 


l Fl 
a 2 and V = Ajl, = 4h 
A, A4 AA, 
Pr PÈ 
VAL, VAL, 
h 8° 


2 -3 
or T oan ga =32 mm = 3.2 cm 
1 
(a): The magnetic field at a point on the axis 
of circular current carrying loop is given by 
_ Ho 2nIR* 


where R is the radius of the loop, x is the distance 
of the point on the axis from the centre of the 
loop 

Here, R = 3 cm =3 x 10% m, x=4cm=4 x 102m, 
B=54x10-°T 


My 2n1(3x10-7)? 
4n (37 + 47)9/2 x10% 
_ Uo 2719 

4n 125x107 


54x10 = 


Magnetic field at the centre of the loop is 
Be My 2nI My 2al 
4n R 423x107 
Dividing (ii) by (i), we get 
B 125x107 
54x10° 9x3x107 
or B’=250x 10° T = 250 uT 
13. (a): Here, 
Input resistance, R; = 100 Q 
Change in base current, Alp = 40 yA 
Change in collector current, Alc = 2 mA 
Load resistance, Ry = 4 KQ =4 x 10 Q 
Alc _2 mA 
Al, 40 WA 
_ 2x103A | 
40x10% A 
Voltage gain of the amplifier is 
4x10° 


(ü) 


Current gain, B = 


50 


= 2000 


R 
Ay =B—_ =50x 
Vv PR 


14. (d): Here, 
A =5cos120°i + 5sin 120° 


= A A -5^ 54/3 4 
-55)) [$]; Sg tl 


2 2 
B=9k 
i j k 
3x- 2 23 
2 2 
0 0 9 


- [$8 -o]-i(0-(8)) k (0-0) 


45J3% 45% 
=——i+—j 
2 2 


15. (a): Here, G = 6.67 x 10°! Nm? ke? 
Mass of a pulsar, M = 1.98 x 1030 kg 
Radius of the pulsar, R = 12 km = 12 x 10° m 
Acceleration due to gravity on the surface of the 
pulsar is 


aM 
R2 
Substituting the given numerical values, we get 


PE (6.67 x 107! Nm? kg?®)(1.98 x 10% kg) 
(12 x 10° m)? 
= 0.092 x 105 ms?= 9.2 x 10! ms? 
16. (a): Compare e =220)2 sin100¢ V with 


e = ey sinwt, we get 
e, = 220V2 V, w=100 rad s~! 


e 
e =-=- 22042 V =220 V 
rms J2 J2 
The capacitive reactance is 
1 1 


=10'Q 


C œC 100x1x10% 
The current flowing through the capacitor is 
I Eig 7 220 V 
rms Xo 104 Q 


=220x10 4A =22mA 


17. (a): The frequencies of the wire when its vibrating 
length is L4 = 95 cm and when its vibrating length 
L2 = 100 cm are given by 


v PE ando p |I 


175r. 2 
2L u 2L, u 
v L 
Dividing, we get 4-2- 1w ..-(i) 
v L4 95 


Thus v1 > Vo. 

Let v is the frequency of the tuning fork. Then 
vy -v0=4and v—-v2=4 

Adding, we get v1 - v2 =8 ..-(ii) 

Using (ii) in (i) we get 

v1, = 160 Hz and v, = 152 Hz. 


As 01-0 =4 orv =0;-4=160-4= 156 Hz. 
X4 kg : 
18. (a): As F=kax,=kpxp or ~A =-= (i) 
Xg ka 
1 1 
W, = zka; W, = shots 
Wy kax kak k 
A Ka *a _ Ka Kp _ Kp 
Ws kp x, ke ky ka (Using (i) 
ky >kp 


Hence Wz > W4. So more work is done on B. 


19. (b): Here, 
Initial angular speed, w; = 2m x 30 = 607 rad s7! 
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20. 


21. 


22. 


29. 


64 


Final angular speed, os=0 
Angular displacement, 0 = 27 x 60 = 1207 rad 


As o} -o7 =200 


f 
(0)? — (607)? = 2 x a x 1207 
2 
a=-É0_ -15r rad s? G) 
2x1207 
As @f= @; + at 
o ©, —O; 0-607 aij Tnet 
~ a (157) =458 ( sing (i)) 
372 
(c) : Given: X= al 
mn 
AX „Ak „Al Am 1An 
— =3—+2—+—+-— 
X k l m 27 
Percentage error in X 
AX «100 = [ott Am Lan) 100 
l m n 


1 
=3 x1% +2 x2% +3% + z x 4% 


=3% +4% +3% +2% =12% 
Hence, the value of X is uncertain by 12%. 
(d): Moment of inertia of the hollow cylinder 
about its axis is 

I=MR?=(3 kg)(0.4 m)? = 0.48 kg m2 
Torque applied on the cylinder 
t=FR 
=30N x0.4m=12Nm 
Angular acceleration (a) of the cylinder 
gute eae 
I 0.48 
(d): Acceleration due to gravity at a place of 
latitude à due to the rotation of earth is 
g =g - Rw*cos*a 

At equator à =0°, cos0°=1 

g =ge=g-RO? 
à =90°, cos90° = 0 
Z =8p=8g 

8p- 8e =g- (8 Ro?) = Rw? 
(b): Here, Ty/2 = 5.25 years 
t =21 years 

No. of half lives, 

t | 2lyears _ 


At poles, 


~ Tp 5.25 years 7 


Amount of sample left 
Hs ieee 
2)” 55T68 
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24. 


25. 


26. 


27, 


28. 


= <> mg = 62.5 mg 


(c) : Potential difference across wire 
-xs 2x3 
(B+R) 
1 
(3+ R) 100 
=10 V cm! 
or60=3+R or R=57Q 


(b): Here, d=1 mm =10 m, à =6.5 x 107 m 
D=1m 


Potential gradient = 


(Given) 


A =ni =5x65x107 x. = 325x104 m 
d 107° 


= -7 
ne 2 eo ee 
2d 2x10% 
=16.25 x 104m 


xs — x3 = (32.5 — 16.25) x 104m 
=16.25 x 10-4 m = 1.63 mm 


200 V 


(d): Resistance of coil, R = re Sa 200 Q 


200 


JR? +X? 


200 
JR? +X? 
or R?+(2nvL)? = (400) 
2/3 
T 


2 
or [am x a) = (400) — (200)? =200 x 600 


With ac source, J = or 0.5 = 


or 4/30 =2V3 x100 or v=50 Hz. 
(a) : Here, uo =-5 cm, f =4cm, 

f= 10cm, D=20 cm 
According to lens formula 


1 1_1 
% Uy h 
1 1 1 
or —=—+— 
% Jo Uo 
Substituting the given values, we get 
1 1 1 _ 1 1_ 1 
v 4 5 4 5 20 
Vp = 20 cm 


D 
Magnification, M = ee (= a 
lu, | fo 


= (+2) =12cm 
5 10 

(a): The hydrogen atom in the ground state 
(-13.6 eV) must be excited to the energy level with 
n = 4 (i.e., — 0.85 eV) so as to have He line. 
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29. (b): 


i 12 Q 3 
6Q A 6Q 
A c 
12Q 


When switch S is open, the corresponding 
equivalent circuit diagram is as shown in the 
figure. 


The equivalent resistance between A and B is 
_12x6 i 6x12 
eq 12+6 6+12 


When switch S is closed, the corresponding equivalent 
circuit diagram is as shown in the figure below 


=4+4=8Q 


12 Q 62 
A C B B 
8 Q 
4Q 4Q 
A B 
8 Q 


The equivalent resistance A and B is 


F 8x8 
Req Eg 4Q 
30. (c): When the wire is turned as half cycle, there 
is no change in the dimensions of the wire i.e. the 
length of wire is l and area of cross section of the 
wire is A. Hence the resistance of bent wire is 
equal to the original resistance of the wire. 
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31. (c) : Mutual inductance of the system, 
M= UonnzAl 
where A; is the area of inner solenoid 
nı = 10 cm = 1000 m7! 
m = 40 cm! = 4000 m7! 
1 =30 cm = 30 x 102 m 
Ap = 20 cm? = 20 x 10-4 m? 
<. M=4nx 107 x 1000 x 4000 x 20 x 10+ x 30 x 10? 
= 301.44 x 105H=3 mH 


sin( 22èm ) 
32. : As y= —— A 
O 
sin| — 
2 
Here, 5,,=A 


25i A A 
anA SS] _, A 
u= a7 A cos 
sa) (g) 
2 2 
A=2cos! (4) 
2 


33. (b): Given : Capacitance of the capacitor 
(C) = 0.2 uF and emf of cell (E) = 6 V. 
Reactance of a capacitor for a cell, which is a DC 
source, is infinity. Therefore, no current flows in 
4 Q resistance. 


L 29 


E=6V 2.8 Q 


Resistances 2 Q and 3 Q (both in upper arm) are 
connected in parallel. 


Therefore, their equivalent resistance 
2x3 

R’) = 
a 2+3 


Now, R’ and 2.8 Q are in series combination. 
Therefore, equivalent resistance of the circuit, 
R=R +2.8=1.2+2.8=4Q 
Current drawn in the circuit, 
J= 2 = £ =1.5A 
R 4 
From figure, 
hx2=(I-ÅÁh)x3 
21, =31-3], 
5], =31 


=1.2 Q 


34. 


35; 


36. 


(0) : Fringe width = oe (i) 
where D is the distance between the screen and 
slit and d is the distance between two slits. 
When a film of thickness t and refractive index u 
is placed over one of the slit, the fringe pattern is 
shifted by distance S and is given by 
g- UID 
d 

Given, S=208 
From equations (i), (ii) and (iii) we get, 

(u—1)t=20A 
202 _ 20x 5000x107 cm 


...(ii) 
...(iii) 


or l= 
H-1) t 25x10 cm 
u-1=0.4 or u=1.4 
Hipsis Ae. t ued ear) 
Alp Alg -Alc 
or = 100= 1 
Alg -1 


or Al; -1=72 =0.01mA 


or Alg = (1 + 0.01) mA = 1.01 mA 
(b): According to Einstein's photoelectric 
equation 
eV, = he = he 
À AG 


where V; = Stopping potential 
à = Incident wavelength 
ào = Threshold wavelength 


or pe a 


e |à Ag 
For the first case 
he({ 1 1 . 
4.8 = —| —-— i 
e\rxr =| © 


For the second case 


16-1 1 
e\2r Ag 


Divide (i) by (ii), we get 


...(ii) 


a Not 
2h dy A Ag 
1 2 
—=— Àg = 4A 
I ayo 
; he 
37. (c) : Work function, bọ = 
longest 


he 


or Ay i= 
onges o 


_ (6.63 x 10%) x (3 x 108) 
40x16x10! 
= 310 x 10°? m = 310 nm 

38. (b): The displacement current is given by 


I AE 
d = Eo g T E0 Hi! ) 
BA dV. (. e-¥) 
d dt d 
A 
l= C aV (. = i 
dt d 


Substituting the given values, we get 
Iy=2 10-6 x 10°=2A 
x 


t 
j : y=Asin2n) —-— 
39. (c): y= Asin nl z 


Speed of wave = z 


Amplitude = A 
Period = T 
Velocity is along +x-direction. 

40. (b): IfFistheupward force, ais the net acceleration 
upward and m is the mass of each link, then 
(5m)a = F — (5m)g or F = 5m(a + g) .. (i) 
If R is the force of interaction between the top link 
and the one immediately below it, then 

ma=F-mg-R 


or R=F-m(a+g)=4m(a +g) (Using (i)) 
Substituting the given values we get 
R=4x0.1(1.2 + 9.8) 
=44N 
an 
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If E, be the electric field strength of a short dipole 
at a point on its axial line and E, that on the 
equatorial line at the same distance, then 

(a) E.=2E, (b) E,=2E, 

(c) E,=E, (d) E,=-2E, 


Excitation energy of a hydrogen like ion in its 
first excitation state is 40.8 eV. Energy needed to 
remove the electron from the ion in ground state 
is 

(a) 544eV (b) 13.6eV 

(c) 40.8 eV (d) 27.2eV 


Two coils have a mutual inductance 0.005 H. The 
current changes in the first coil according to equation 
I= I,sinwt, where I) = 10 A and o = 100r rad s. The 
maximum value of emf in the second coil is (in V) 
(a) 27 (b) 5r 

(c) 7% (d) 4r 


Water from a tap (at the end of a horizontal pipe) 
emerges vertically downwards with an initial 
speed of 1 m s~. The cross-sectional area of the tap 
is 10+ m*. Assume that the pressure is constant 
throughout the stream of water and the flow is 
steady. The cross-sectional area of the stream 
0.15 m below the tap is 
(a) 5x 10+ m? 

(c) 5x 10° m? 


(b) 1* 10° m? 
(d) 2* 10° m? 


If an average person jogs, he produces 
14.5 x 10° cal per minute. This is removed by 
the evaporation of sweat. The amount of sweat 
evaporated per minute (assuming 1 kg requires 
580 x 10° cal for evaporation) is 

(a) 0.025 kg (b) 2.25 kg 

(c) 0.05 kg (d) 0.20 kg 


An open pipe is suddenly closed at one end with 
the result that the frequency of third harmonic of 
the closed pipe is found to be higher by 100 Hz 
than fundamental frequency of the open pipe. 
The fundamental frequency of the open pipe is 
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(a) 200 Hz 
(c) 240 Hz 


300 Hz 
» 480 Hz 


The escape velocity for a rocket on the Earth is 
11.2 km s”. The escape velocity (in km s~”) from 
a planet having twice the radius and same mean 


density is 
(a) 11.2 (b) 5.6 
(c) 15.2 (d) 22.4 


A particle is projected vertically upwards with 
velocity 40 m s. What are the displacement and 
distance travelled by the particle in 6 s? 

(Take g=10 m s”.) 
(a) 60 m, 80 m 

(c) 60 m, 100 m 


(b) 20m, 60 m 
(d) 100 m, 120 m 


An 8 kg metal block of dimension 16 cm x 8 cm x 6 cm 
is lying on a table with its face of largest area touching 
the table. If g = 10 m s%, the minimum amount of 
work done in making it stand with its length vertical 
is 

(a) 0.4J (b) 6.4J 

(c) 4J (d) 12.8J 


Four particles each of mass m are lying 
symmetrically on the rim of a disc of mass M and 
radius R. Moment of inertia of this system about 
an axis passing through one of the particle and 
perpendicular to plane of disc is 

2 
(a) 16mR? (b) (3M + 16m) = 
2 
(c) (3M +12m) = (d) zero 
Water rises to a height of 10 cm in a capillary tube 
and mercury falls to a depth of 3.42 cm in the 
same capillary tube. If the density of mercury is 
13.6 g cm” and the angle of contact of mercury 
and water are 135° and 0° respectively, the ratio of 
surface tension of water and mercury is 
(a) 1:0.15 (b) 1:3 
(c) 1:65 (d) 15:1 


12. 


13. 


14. 


15. 


16. 


17. 


At what temperature, the average kinetic energy 
of translatory motion of a gas molecule will be 
equal to that of an electron accelerated through a 
potential difference of 10 V? 

(Boltzmann constant k = 1.38 x 10- J K) 

(a) 2.42 x 103 K (b) 7.73 x 10° K 

(c) 2.42 x 10+ K (d) 7.73 x 104K 


The particle executes simple harmonic motion 
with a time period of 16 s. At time t = 2 s, the 
particle crosses the mean position while at t = 4 s, 
its velocity is 4 m st. The amplitude of motion in 
mis 


(a) V2n (b) 16V2n 
(c) 24427 (d) a 


A block of mass m is in contact with the cart C as 
shown in the figure. 


The coefficient of static friction between the block 
and the cart is u. The acceleration œ of the cart 
that will prevent the block from falling satisfies 


(a) a> © a> = 
m 

© a2% @ a<% 
u u 


Aspherical planet has a mass M, and diameter D,,. 
A particle of mass m falling freely near the surface 
of this planet will experience an acceleration due 
to gravity, equal to 


o M j Sn 
p? D; 
GM 4GM, m 

o Mh aa 
D, D; 


Two SHM s are represented by the equations : 

yı = 0.1sin(100nt + 7/3) and y, = 0.1cosnt. 

The initial phase difference of the velocity of 
particle-1 with respect to the velocity of particle-2 
is 

(a) 7/6 (b) -7/4 

(c) 7/3 (d) -7/6 


If the change in the value of g at a height h above 
the surface of the Earth is the same as that at a 
depth x below it, when both x and h are much 
smaller than the radius of the Earth, then 

(a) x=h (b) x=2h 

(c) x=h/2 (d) x=h? 


18. 


19. 


20. 


21. 


22, 


23. 


If a ball of steel (density p = 7.8 g cm) attains a 
terminal velocity of 10 cm s when falling in a tank of 
water (coefficient of viscosity, Nwater = 8.5 x 10+ Pa s), 
then its terminal velocity in glycerine (p = 1.2 g cm, 
n = 13.2 Pas) would be nearly 

(a) 6.45x10+cms! (b) 1.5 x10 cm s7! 

(c) 1.6 x 10% cm s7! (d) 6.25 x 10% cm s! 


An electron is moving with the speed 5 x 106 m s~! 
is shooted parallel to the electric field of intensity 
1x 10°N C7. Field is responsible for the retardation 
of motion of electron. Now evaluate the distance 
travelled by the electron before coming to rest 
(mass of electron = 9 x 107! kg, charge of electron 
=16x10"C) 
(a) 7m 

(c) 7cm 


(b) 0.7mm 
(d) 0.7 cm 


Two batteries of emf 4 V and 8 V with internal 
resistance 1 Q and 2 are connected in a circuit 
with a resistance of 9 Q as shown in figure. The 
current and potential difference between the 
points P and Q are 


19 4V8V 20 
P H Q 


9Q 
1 1 
(a) Í Aand3V (b) 1 Aand4V 
3 6 
(c) 5 Aand9V (d) 5 Aand 12V 


In a common emitter amplifier, using output 
resistance of 5000 Q and input resistance of 
2000 Q, if the peak value of input signal voltage 
is 10 mV and ß = 50, then peak value of output 


voltage is 
(a) 5x10°V (b) 12.5 x 10* V 
(c) 1.25 V (d) 125 V 


After 280 days, the activity of a radioactive sample 
is 6000 dps. The activity reduces to 3000 dps after 
another 140 days. The initial activity of the sample 


in dps is 
(a) 5000 (b) 9000 
(c) 3000 (d) 24000 


A convex lens is placed between object and a 
screen. The size of object is 3 cm and an image of 
height 9 cm is obtained on the screen. When the 
lens is displaced to a new position, what will be 
the size of image on the screen? 

(a) 2cm (b) 6cm 

(c) 4cm (d) 1cm 
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24. 


25, 


26. 


27: 


28. 


29, 


One way in which the operation of an n-p-n 

transistor differs from that of a p-n-p transistor is 

that 

(a) the emitter junction is reverse biased in the 
n-p-n 

(b) the emitter injects minority carriers into the 
base region of the p-n-p and majority carriers 
in the base region of the n-p-n 

(c) the emitter injects holes into the base region 

of the p-n-p and electrons into the base region 

of the n-p-n 

the emitter injects electrons into the base 

region of the p-n-p and holes into the base 

region of the n-p-n. 


(d) 


In Young’s double slit experiment, the distance 
between two sources is 0.1 mm. The distance of 
the screen from the source is 20 cm. Wavelength 
of light used is 5460 A. The angular position of the 
first dark fringe is 

(a) 0.08° (b) 0.16° 

(c) 0.20° (d) 0.32° 


A particle starts from rest and has an acceleration 
of 2 m s° for 10s. After that, it travels for 30 s with 
constant speed and then undergoes a retardation 
of 4 m s? and comes back to rest. The total distance 
covered by the particle is 

(a) 650m (b) 750m 

(c) 700m (d) 800m 


A body moves along a circular path of radius 5 m. 
The coefficient of friction between the surface of 
the path and the body is 0.5. The angular velocity 
in rad st, with which the body should move so 
that it does not leave the path is (Take g = 10 ms) 
(a) 4 (b) 3 

(c) 2 (d) 1 

A thin wire of length / and uniform linear mass 
density p is bent into a circular loop with centre 


O and radius r as shown in figure. The moment of 
inertia of the loop about the axis XX’ is 


= 00°! r a 
o 


3p? ol? 

(a) = b aa 
3 3 

(c) 3e (a) £! 
2 2 

8n r 8nr 


A solenoid of 0.4 m length with 500 turns carries 
a current of 3 A. A coil of 10 turns and of radius 
0.01m carries a current of 0.4 A. The torque 
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30. 


31. 


32. 


33. 


34. 


35. 


36. 


required to hold the coil with its axis at right angle 
to that of solenoid in the middle point of it is 

(a) 6n? x107 Nm (b) 37? x 107 Nm 

(c) 9n? x107 Nm (d) 127? x 107 N m 


In a series resonant LCR circuit, the voltage 
across R is 100 V and the value of R = 1000 Q. The 
capacitance of the capacitor is 2 x 10® F, angular 
frequency of ac is 200 rad s~. Then the potential 
difference across the inductance coil is 

(a) 100 V (b) 40 V 

(c) 250 V (d) 400 V 

The maximum wavelength of radiation that can 
produce photoelectric effect in certain metal is 
200 nm. The maximum kinetic energy acquired 
by electron due to radiation of wavelength 
100 nm will be 

(a) 12.4 eV (b) 6.2 eV 

(c) 100 eV (d) 200 eV 


When a hydrogen atom emits a photon in going 
from n= 5 to n = 1, its recoil speed is almost 

(a) 10¢ms" (b) 8x 102?m s 

(c) 2x10°?m s (d) 4m s! 

To get an output Y = 1 from the circuit shown in 
figure the inputs A, B and C must be respectively 


A 
B 
Y 
C 
(a) 1,0,1 (b) 1,1,0 
(c) 0,1,0 (d) 1,0,0 


Two wires of same metal have the same length but 
their cross sections are in the ratio 3 :1 . They are 
joined in series. The resistance of the thicker wire 
is 10 Q. The total resistance of the combination is 


5 40 
(a) p Q (b) a Q 
(c) 49 (d) 100 Q 


The equation of motion of a particle executing 
simple harmonic motion is a + 16n?x = 0. In this 
equation, a is the linear acceleration in m s~ of 
the particle at a displacement x in metre. The time 
period of the simple harmonic motion is 


(a) Ls ©) 5s 
(c) 1s (d) 2s 


The speed of light (c), acceleration due to gravity 
(g) and pressure (P) are taken as fundamental 
units, the dimensions of gravitational constant 
(G) are 

(a) [cgP~] 
(c) [gP] 


(b) [c’g°P*] 
(d) [c’g?P*] 


37. 


38. 


39. 


40. 


41. 


At a metro station, a girl walks up a stationary 
escalator in time ¢,. If she remains stationary on 
the escalator, then the escalator takes her up in 
time t,. The time taken by her to walk up on the 
moving escalator will be 


(t, +t,) tt, 
oe (h (t-t) 
«© a (d) h-t 

(t, + 4,) 


A body of mass 60 kg is dragged with just enough 
force to start it moving on a rough surface with 
coefficients of static and kinetic frictions 0.5 and 
0.4 respectively. On applying the same force, the 
acceleration is 

(a) 0.98 m s? (b) 9.8m s? 

(c) 0.54 m s? (d) 5.4 m s? 


A block of mass 0.50 kg is moving with a speed of 
2.00 m s~ on a smooth surface. It strikes another 
mass of 1.00 kg at rest and then they move as a 
single body. The energy loss during the collision is 
(a) 0.16J (b) 1.00J 
(c) 0.67J (d) 0.34J 


Aman stands on a rotating platform with his arms 
stretched holding a 5 kg weight in each hand. The 
angular speed of the platform is 1.2 rev s”. The 
moment of inertia of the man together with the 
platform may be taken to be constant and equal 
to 6 kg m2. If the man brings his arms close to his 
chest with the distance of each weight from the 
axis changing from 100 cm to 20 cm. The new 
angular speed of the platform is 

(a) 2 revs? (b) 3 rev st 

(c) 5rev s! (d) 6 rev s 

A cycle followed by an engine (made of one mole 


of an ideal gas in a cylinder with a piston) is 
shown in figure. 


V 
The heat exchanged by the engine with the 


surroundings at constant volume is(Take C, = SR) 


(a) (Ps -PV O) R-P, 


(0) ZCP, -PDV (d) 2(P,- PAM, 


42. 


43. 


44. 


45. 


There are 26 tuning forks arranged in the 
decreasing order of their frequencies. Each tuning 
fork gives 3 beats with the next. The first one is 
octave of the last. What is the frequency of 18 


tuning fork? 
(a) 100 Hz (b) 99 Hz 
(c) 96 Hz (d) 103 Hz 


If a charged particle of charge 5 uC and mass 5 g is 
moving with constant speed 5 m s” in a uniform 
magnetic field B on a curve x? + y? = 25, where x and 
y are in metre. The value of magnetic field will be 
(a) 1kT along x-axis (b) 1kT along z-axis 

(c) 5 kT along the x-axis 

(d) 1 kT along any line in the x-y plane 


Light of certain colour has 2000 waves to the 
millimetre in air. What will be the wavelength of 
this light in a medium of refractive index 1.25? 
(a) 1000A (b) 2000 A 

(c) 3000A (d) 4000 A 


The magnifying power of a telescope is 9. When it 
is adjusted for parallel rays the distance between 
the objective and eyepiece is 20 cm. The focal 
length of lenses are 
(a) 10cm, 10cm 
(c) 18cm,2cm 


(b) 15 cm, 5 cm 
(d) 11 cm, 9 cm 


SOLUTIONS 


1. 


(d): On equatorial line electric field is given by 
-1 
ATE, r 


[© 


equatorial = 


W 


On axial line electric field is given by 
E =- 1 2# 
ATE, r 


‘axial ~ 


E axial a equatorial 


Since directions are opposite. 
E,=-2E, 


(a): Excitation energy 


1 1 
AE =E, - E = Berl g-i 


40.8 = 13.62? x - 
or Z=2 

So, energy required to remove the electron from 
ground state 


2 
=+ ss = 13.6(2)* = 54.4 eV 
1) 
(b): Induced emf in second coil, 
dI ae 
£, = Mr = 0.005 x ilo sinwf) 
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= 0.005 x Ipwcoswt 
Eglmax = 0.005 x 10 x 100r = 52 V 


(c): Velocity of liquid after falling through a 
height h is given by 


v? =v +2gh or v = \(1)} + 2(10)(0.15) 


or v=2ms"! 
From equation of continuity, 
(10+ m?)(1 m s7!) = Av 
107 mês! _ 107 m?s7 


i =5x10 m? 


or A= 


v 2ms_ 


(a): Energy produces = 14.5 x 10° cal min“. 
Amount of sweat evaporated per min 
_ 14.5x10° cal min 


= =0.025 k 
580 x 10° cal kg” p 


(a): Fundamental frequency of the open pipe, 


v 
v=— 
2L 
Frequency of the third harmonic of closed pipe, 
, 3w 
v=— 
4L 
As v’=v+100 (Given) 
Paria ai 
4L 2L 4L 
v 
v=—=2x— 
Thus, OL 4L 


= 2x 100 Hz = 200 Hz 


(d): As escape velocity, v = g= 
3 
7 el BRP _ (gn /3)GR%p, 


ve Rip 


R 

Thus, 2% Bhe 1 [- R, =2R, and p, =p,] 

v, R fp p p 

p\ip 

or v,=2v,=2%11.2kms?=22.4kms? 
(c) : Let tọ be the time taken by the particle to go 
upto the highest point, then 

-#0 

0 o 10 

It means, the particle will go upto the highest 
point in 4 s and then falls back for 2 s. 


The displacement of the particle in 6 s can be 
calculated by using the relation 


4s 


1 2 
s=ut+—at 
2 
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10. 


11. 


where u = +40 m s”, a = -10 m s? and t=6s 
1 
s=40x6+7(-10)x6°=60m 


The distance travelled in 6 s is the sum of the 
distance travelled (s1) in 4 s upto the highest point 
while going up and distance travelled (s2) in 2s 
while coming down. Therefore total distance 
travelled, 


=(40x4-2x10x4] 4 2102! 


= (160 — 80) + 20 = 100 m 


(c): When face of largest area is touching the 
table, height of centre of gravity above the table 


6 
eine = =3 
i25 cm 
With its length vertical, height of centre of gravity 


would become h, = = =8cm 


Minimum work required to be done 

= Final potential energy — Initial potential energy 
= mg(h, - hy) 

We 8 x 10(8 — 3) z 


4 
100 } 


(b): According 
to the theorem 
of parallel axis, 
momentofinertia 
of disc about 
an axis passing through K and perpendicular to 
plane of disc as shown in figure 
3 
2 
Total moment of inertia of the system 
_3 
2 


= IMR + MR? = MR? 


MR? + m(2R} + m(V2R)* + m(V2R)? 


2 
=(3M +16m f- 


2Scos0 SE hrpg mea hp 
rpg 2cosð cos® 
hı = 10 cm, h; =- 3.42 cm 
0, = 0°, 0, = 135°, p4 = 1 g cm”, 
P2 = 13.6 g cm 
Ratio of surface tension of water and mercury 
is, 


(c): As h= 


Here, 


12. 


13. 


14. 


15. 


hi ‘6 cos0, „Pi 


Sug M cos®, P 
10 cos135° 1 
= x x 
(-3.42) cos0° 13.6 
_ 10 < 0:707 age 
342 136 65 
(d): Mean translational kinetic energy per 


molecule of a gas = > kT and kinetic energy of 
electron when accelerated through a potential 
difference, V is eV. 
eV= 3 kT 
2 


2eV _2x(1.6x10°)x10 
3k 3x 1.38 x10” 
=7.73 x 10*K 


(D: Asy=Asinot=A sin 2t, 


or T= 


At t= 2 s, particle crosses the mean position. 
After 4 s or after 2 s from mean position, 
velocity = 4 m s” and displacement, 


y,=Asin [22 <2 | =Asin Gina ...(i) 


Since, velocity = wy 4° - y? 
2 
a=(27) az” BA 
16 2 8 J2 
or aain 


(c): a 4——— Pseudo acceleration 


Pseudo force or fictitious force, F;,.= mo 
Force of friction, f= uN = uma 
The block of mass m will not fall as long as 
f2mg 
uma = mg 
até 
u 
(a): Gravitational force acting on particle of mass 
mis GM,m 
(D, /2)° 
Acceleration due to gravity experienced by the 
particle is 


16. 


17. 


18. 


19. 


F GM, _4GM, 
= 2 = 2 
m (D,/2}° D? 


g= 


(d): As y, = 0.1sin(100nt + 7/3), 
dy1 _9.1x100ncos(100nt + 7/3) 


ae 
As y,=0.1cosmt = 0.1sin(nt + 7/2), 
d 
v, = =0.1x mcos(mt +n / 2) 


Phase difference between v; and v, at t= 0 is 


(b): As acceleration due to gravity at a height h, 


2h 
= q= = P 
8h ef 4 


acceleration due to gravity at a depth x, 


x 
= 1-— j 
&x ef z) 


Now, (8 -8,)= =a and (g- g,)= s 
For (g = 8n) = (g = 8x), 
2gh = & orx=2h 
R R 
. ; (p- 9) 
(d): As terminal velocity, 0 = 7 , 


where p is density of material and o is the density 
of medium. 


va _ (P702) , 1 -zonf m) 

vi No (9-64) (P —0,) No 

v, _ (7.8-1.2)( 85x10" | _( 6.6%8.5 | g= 
v (78-1)| 132 6.8x 13.2 


or 


= 0.625 x 10+ 
Thus, vz = (0.625 x 10~)v, = (0.625 x 10~)(10 cm s~’) 
= 6.25 x 10+ cms! 


(c) : Electric force, qE = ma 


= qe 


m 
Here, q = 1.6 x 10 C, E =1 x 10° N C+, 
m=9x 107! kg 
1.6x107 x1x10% 16x10 
a= = ms 
9x10 9 


Speed of electron, u =5 x 10° ms and v=0 
2 
u 
From v*=u?-2as > S= 
2a 


_ (5x106)? x9 _ 


= = / cm 
2x1.6x10" 


Distance, § 
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20. 


21. 


22. 


23. 


24. 
25. 


(a): 12 “i a Ho) 
P aH HWW 
4V8V 
I 
AWWW 
9Q 
=4Vande,=8V 
As, £> & current flows from Q to P. 
_ Effecticeemf 8-4 4 
Net Resistance 1+2+9 12 
I= EIN 
= 1 
Potential difference across PQ = 3 x9=3V 
(c) : As voltage gain, A, = a = Be 


R 
So, Va = V; x B— 


i 


Here, V; = 10 mV, $ = 50, Ry = 5000 Q, R; = 2000 Q 
5000 
Vo=1 = 1250 mV = 1.25 V 
9= 10x 50x Sgp = 1250m 


(d): Activity reduces from 6000 dps to 3000 dps in 
140 days. It implies that half life of the radioactive 
sample is 140 days. 

In 280 days (or two half lives), activity will become 


1 
ri th of the initial activity. 
As the activity left is 6000 dps, 
initial activity of the sample 
= 4 x 6000 = 24000 dps. 
(d): In displacement method, 
size of object, O=,/1,1, 
Here, O=3 cm, I, = 
3°=9x l, or l,=1 cm 
(c) 
(b): Position of dark fringes/minima on the screen 
(2n -1) AD 
2 d’ 
. for first, second, third... dark 


9 cm 


is given by x= 


where n = 1, 2, 3.. 
fringes. 
For first dark fringe (n = 1) 


A 
D 2d 
_ 5460x107” 
~ 2x10% 


Angular position, 0 = 


radian 
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26. 


27. 


28. 


29, 


30. 


= 2730 x 10% x 2 degree = 0.16°. 
n 


(b): Distance covered in first 10 seconds 


= Sat? => x2x 10? =100m Ce 


2 
Velocity after 10 seconds, v = u + at 
=0+2x10=20 m s 
Distance covered in 30 seconds 


u=0) 


= 20 x 30 = 600 m 
During retardation, distance travelled 
D o2 _ 2 
ae 0 - (20) = 50m 
2a 2 (-4) 


Total distance = 100 + 600 + 50 = 750 m 


(d): Here, u=0.5 
r=5m, g=10m s? 
The frictional force provides the centripetal force 
2 
MO 2 
——=umg or v =urg 
r 


or v= Jurg = \(0.5) (5 m) (10m s?) 


=5m s 
-1 
As v=ro or poo =1rads? 
r 5m 
(a): Since 27r =I, r=1/2n (i) 
Mass, M = pl .. (ii) 
x 00°: r a 
(0) 


Moment of inertia of the loop about the axis XX’ 
= moment of inertia about its diameter + Mr? 
(by theorem of parallel axes) 


2 
_ Mr° ag Smp? 3% Te A 
[Using (i) and (ii)] 
= SPL 
— 8n? 


(a): Magnetic field for solenoid, B = 


500 


un = 4nx107 x —— x 3T 
0.4 


Magnetic moment of the coil=I x Ax N 
M=0.4xmx (0.01)? x 10 A m? 

t= MBsinð 

Here, 8 = 90°, sin90° = 


~ T=04XTX a al’ 


x10x4n x 107 x — x3 
0.4 


=6n*? x107 N m 


(c) : Here, Vg = 100 V, R = 1000 Q 
C=2 10°F, œ= 200 rad s! 


31. 


32. 


33. 


34. 


The current in the circuit is 


= Vp _ 100V _ 
~ R 1000Q 
At resonance, 
I 
V, =V.=1X, =— 
ra ic C oC 
0.1 _ 1000 


= 250 V 


~200x2x10° 4 


(b): Here, = 200 nm, A = 100 nm, 


= 1240 eV nm 


e 
Maximum kinetic energy = nee (in eV) 


Ape 


240 & 2 Ea 
100 200 
=6.2eV 
(d): Energy of photon emitted, 


E= 136 4 — >) eV =13.6 x = eV = 13.06 eV 
2 5? 25 
Momentum of photon = — 
c 


The momentum of hydrogen atom is equal and 
opposite to the momentum of photon. If m is the 
mass of hydrogen atom (= 1.67 x 10-7 kg) and v is 
recoil speed of hydrogen atom, then 


mo =— 
Cc 


E _ 13.06x1.6x10°" 
mc 167x107’ x3x10° 
v=4.17 m s” = 4m s” 


(a) : The output of OR gate is 
Y’=(A+B) 


A X] 
B 


G 


The output of AND gate is 
Y=Y -C=(A+B)} C 
If A=1,B=0, C=1, then Y=(1+0)-1=1 
(c) : For the same length and same material, 
R A, _ 3 
1 > 1 
The resistance of thick wire, R, = 


The resistance of thin wire = 3R, = 
Total resistance = 10 + 30 = 40 Q 


or R, =3R, 


10 Q 
3x 10=30Q 


35. 


36. 


37. 


38. 


39. 


40. 


(b): The given equation of SHM is 


=- 16n*x .- (i) 
Acceleration in standard equation of SHM is 
a=-x ...(ii) 


Comparing equations (i) and (ii), we get 
w* = 167? or W = 40 
T= al 2m =1 s 
o 4n 2 
(c) : Let G = kc*g! P7 
[M71L9T~] = [LTH LTY PIML T? 
= [ML Ty] 
Equating both sides, we get, 
z=-Lx+y—z=3,-x-2y-2z=2 
On solving, x =0 y=2,z=-1. 
Thus, [G] = [gP] 


(c): Let | be the length of escalator, v, be the 
velocity of the girl (relative to stationary escalator) 
and v, that of escalator (relative to ground). 


Clearly, t, = 2 and t, =— ...(i) 
v, v, 

When the girl walks on the moving escalator, her 

velocity relative to the ground is (v, + v,). 

If t is the time taken by the girl to move a distance 

lon the escalator relative to ground, then 


1 % v 
po! eyes ... (ii) 
U, +0, ft I 1 
ieee .». 1_1,1_4+4 
From equations (i) and (ii), -=—+—= 
tA h hh 


or t= 


(a): f; = uR and f, = uR 
When the body is in motion, net force acting on 


the body, 
lls; F=f; -fk = UR- uR 
or ge E Me Ha)s CR mA 
m m 
= (M; — Ui)g 


= (0.5 — 0.4) x 9.8 = 0.98 m s?. 


(c) : By conservation of momentum 
0.5x2+1x0=(0.5+1)v=1.52, 


= 3 m s~” = 0.67 m s” 


Energy loss = K;— K= = (0.5)(2)?~ > (1.5)(0.67) 


=1J-0.33J 

= 0.67 J 
(b): Initial moment of inertia, 
1,=6+2x5-x(1)?=16kg m? 
Initial angular velocity, œ; = 1.2 rev s7! 
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41. 


Initial angular momentum is 

Lı = 1,0, 

Final moment of inertia, 

1,=6+2x5-x (0.2) = 6.4 kg m? 

Final angular speed = @ 

Final angular momentum is 

Ly = Lo 

According to law of conservation of angular 
momentum, 

L,=L, or ho = hwy 


o. -191 _ (16 kg m’)(1.2 revs”) 3 rey gl 


= G (6.4kg m°) 
(c): P 3 é 
N a.: 
; > 
V 


In the given figure, portion AB of the cycle 
shows increase in pressure/temperature of gas at 
constant volume. 

Therefore system gains 
surroundings, then 

Qas = Usg =nCyAT 


Qas =1xC, x AT = R(T; T,)= (PV q P,V,) 


heat from the 


Qae =S (Ps PAM, Eiet 


42. 


43. 


44. 


45. 


(b): Let the frequency of first tuning fork is v. 
The frequencies of other tuning forks are 
@-3), (v -2 x 3), ...., (V — 17 x 3), ...., (V — 25 x 3). 
As per given condition, 
v=2(v-25x3) or v=2v-25x6 
or v=25x6=150 Hz 
The frequency of the 18" tuning fork 
=v-17x3=150-51 = 99 Hz. 


(b): x2 + y? = 25 
r=5m 


5x10" «5 
or 5=————_ 
qB 5x10°xB 
_5x10° x5 

5x10° x5 
The magnetic field will be 1 kT along z-axis. 


~ B =10°T=1kT 


_ 1mm 


air 2000 
=5x 104mm =5 x 107 m = 5000 Å 
Aa _ 5000 Å 


u 1.25 


(d): à 


= 4000 Å 


medium — 


(c) : Magnifying power, m= fe =9 ..-(i) 


where f, and f, are the focal lengths of the objective 
and eyepiece respectively 
Also, f,+f.= 20cm 

On solving (i) and (ii), we get 
fa=18 cm, f,=2 cm 


...(ii) 
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CBSE BOARD 


SOLVED PAPER 


osm 2014 


GENERAL INSTRUCTIONS 


(i) All questions are compulsory. 


(ii) There are 30 questions in total. Questions Nos. 1 to 8 are very short answer type questions and carry 


one mark each. 


(iii) Questions Nos. 9 to 18 carry two marks each. Questions Nos. 19 to 27 carry three marks each and 


questions Nos. 28 to 30 carry five marks each. 


(iv) One of the questions carrying three marks weightage is value based question. 
(v) There is no overall choice. However, an internal choice has been provided in one question of two 
marks, one question of three marks and all three questions of five marks each weightage. You have to 


attempt only one of the choices in such questions. 


(vi) Use of calculators is not permitted. However, you may use log tables if necessary. 
(vii) You may use the following values of physical constants wherever necessary : 


c=3x108mst, h = 6.63 x10 J s, e = 1.6 x 10” C, 


1 E 
y= 4m x 107 Tm At, z= =9x10? Nm? C?, m, =9.1 x 10°! kg 
TEg : 


1. Define the term ‘Mobility’ of charge carriers in a 
conductor. Write its S.I. unit. 


2. The carrier wave is given by 
C(t) = 2 sin (8nt) volt. 


The modulating signal is a square wave as shown. 
Find modulation index. 


1 


m(t) in volt 
2 tin second 


3. “For any charge configuration, equipotential 
surface through a point is normal to the electric 
field.” Justify. 


4. Two spherical bobs, one metallic and the other of 
glass, of the same size are allowed to fall freely 
from the same height above the ground. Which 
of the two would reach earlier and why? 
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Show variation of resistivity of copper as a 
function of temperature in a graph. 


A convex lens is placed in contact with a plane 
mirror. A point object at a distance of 20 cm on the 
axis of this combination has its image coinciding 
with itself. What is the focal length of the lens? 


Write the expression, in a vector form, for the 
Lorentz magnetic force F due to a charge moving 
with velocity V in a magnetic field B. What is the 
direction of the magnetic force? 


The figure given below shows the block diagram 
of a generalized communication system. Identify 
the element labelled ‘X’ and write its function. 


Information| 
Source 


Message Signal Message Signal 


10. 


11. 


12. 


13. 


14. 


15. 


Out of the two magnetic materials, ‘A’ has relative 
permeability slightly greater than unity while 
‘B’ has less than unity. Identify the nature of the 
materials ‘A’ and ‘B’. Will their susceptibilities be 
positive or negative? 


Given a uniform electric field E=5x10°i N/C 
find the flux of this field through a square of 10 cm 
on a side whose plane is parallel to the y-z plane. 
What would be the flux through the same square 
if the plane makes a 30° angle with the x-axis. 


For a single slit of width ‘a’, the first minimum of 
the interference pattern of a monochromatic light 


of wavelength A occurs at an angle of à . At the 
a 

same angle of à , we get a maximum for two 

a 


narrow slits separated by a distance ‘a’. Explain 


Write the truth table for the combination of the 
gates shown. Name the gates used. 


OR 


Identify the logic gates marked ‘P’ and ‘Q’ in 
the given circuit. Write the truth table for the 
combination. 


State Kirchhoff’s rules. Explains briefly how these 
rules are justified. 


A capacitor ‘C’, a variable resistor ‘R’ and a 
bulb ‘B’ are connected in series to the ac mains 
in circuit as shown. The bulb glows with some 
brightness. How will the glow of the bulb change 
if (i) a dielectric slab is introduced between the 
plates of the capacitor, keeping resistance R to be 
the same; (ii) the resistance R is increased keeping 
the same capacitance ? 


State the underlying principle of a cyclotron. 
Write briefly how this machine is used to 
accelerate charged particles to high energies. 


16. 


17. 


18. 


19. 


20. 


21. 


22, 


An electric dipole of length 4 cm, when placed 
with its axis making an angle of 60° with a 
uniform electric field, experiences a torque of 
4/3 N m. Calculate the potential energy of the 
dipole, if it has charge +8 nC. 


A proton and a deuteron are accelerated through 

the same accelerating potential. Which one of the 

two has 

(a) greater value of de-Broglie wavelength 
associated with it, and 

(b) less momentum? 

Give reasons to justify your answer. 


(i) Monochromatic light of frequency 
6.0 x 10 Hz is produced by a laser. The 
power emitted is 2.0 x 10° W. Estimate the 
number of photons emitted per second on an 
average by the source. 


(ii) Draw a plot showing the variation of 
photoelectric current versus the intensity of 
incident radiation on a given photosensitive 
surface. 


A 12.5 eV electron beam is used to bombard 
gaseous hydrogen at room temperature. Upto 
which energy level the hydrogen atoms would 
be excited? 


Calculate the wavelengths of the first member of 
Lyman and first member of Balmer series. 


When Sunita, a class XII student, came to know 
that her parents are planning to rent out the top 
floor of their house to a mobile company she 
protested. She tried hard to convince her parents 
that this move would be a health hazard. 
Ultimately her parents agreed : 
(i) In what way can the setting up of 
transmission tower by a mobile company in 
a residential colony prove to be injurious to 
health? 
(ii) By objecting to this move of her parents, what 
value did Sunita display? 
(iii) Estimate the range of e.m. waves which can 
be transmitted by an antenna of height 20 m. 
(Given radius of the earth = 6400 km) 


A potentiometer wire of length 1 m has a 
resistance of 10 Q. It is connected to a 6 V battery 
in series with a resistance of 5 Q. Determine the 
emf of the primary cell which gives a balance 
point at 40 cm. 


(a) Draw a labelled ray diagram showing the 
formation of a final image by a compound 
microscope at least distance of distinct 
vision. 
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(b) The total magnification produced by 
a compound microscope is 20. The 
magnification produced by the eye piece is 
5. The microscope is focussed on a certain 
object. The distance between the objective 
and eyepiece is observed to be 14 cm. If least 
distance of distinct vision is 20 cm, calculate 
the focal length of the objective and the eye 
piece. 


23. (a) A mobile phone lies along the principal axis 
of a concave mirror. Show, with the help of a 
suitable diagram, the formation of its image. 


Explain why magnification is not uniform. 


(b) Suppose the lower half of the concave 
mirror’s reflecting surface is covered with an 
opaque material. What effect this will have 
on the image of the object? Explain. 


24. (a) Obtain the expression for the energy stored 
per unit volume in a charged parallel plate 


capacitor. 


(b) The electric field inside a parallel plate 
capacitor is E. Find the amount of work 
done in moving a charge q over a closed 
rectangular loop a b c d a. 


+ + + + + + H+ 


a b 


OR 
(a) Derive the expression for the capacitance of 
a parallel plate capacitor having plate area A 
and plate separation d. 


(b) Two charged spherical conductors of radii R, 
and R, when connected by a conducting wire 
acquire charges q, and q, respectively. Find 
the ratio of their surface charge densities in 
terms of their radii. 


25. (a) State Ampere’s circuital law, expressing it in 
the integral form. 


(b) Two long coaxial insulated solenoids, S, and 
S, of equal lengths are wound one over the 
other as shown in the figure. A steady current 
“T flow through the inner solenoids S, to the 
other end B, which is connected to the outer 
solenoid S, through which the same current 
“T” flows in the opposite direction so as to 
come out at end A. If n; and n, are the number 
of turns per unit length, find the magnitude 


80 PHYSICS FOR YOU | APRIL "14 


and direction of the net magnetic field at a 
point (i) inside on the axis and (ii) outside the 
combined system. 


n, turns 


26. Answer the following questions: 


27s 


28. 


(a) Name the em waves which are suitable for 
radar systems used in aircraft navigation. 
Write the range of frequency of these waves. 


(b) If the Earth did not have atmosphere, would 
its average surface temperature be higher or 
lower than what it is now? Explain. 


(c) An em wave exerts pressure on the surface 
on which it is incident. Justify. 


(a) Deduce the expression, N = N) e™, for the law 
of radioactive decay. 


(b) (i) Write symbolically the process expressing 


the B* decay of 7{Na. Also write the basic 
nuclear process underlying this decay. 


(ii) Is the nucleus formed in the decay of the 
nucleus ??Na, an isotope or isobar? 


(a) (i) Two independent monochromatic sources 
of light cannot produce a sustained 
interference pattern’. Give reason. 


“on 


(ii) Light waves each of amplitude “a” and 

frequency “œ”, emanating from two 
coherent light sources superpose at a 
point. If the displacements due to these 
waves is given by y, = a cos œt and 
Y, = a cos(wt + >) where @ is the phase 
difference between the two, obtain the 
expression for the resultant intensity at 
the point. 

(b) In Young’s double slit experiment, using 
monochromatic light of wavelength À, the 
intensity of light at a point on the screen 
where path difference is À, is K units. Find 
out the intensity of light at a point where 
path difference is 4/3. 


OR 


29. 


30. 


(a) How does one demonstrate, using a suitable 
diagram, that unpolarised light when passed 
through a Polaroid gets polarised? 


(b) A beam of unpolarised light is incident on 
a glass-air interface. Show, using a suitable 
ray diagram, that light reflected from the 
interface is totally polarised, when ų = tan i, 
where ų is the refractive index of glass with 
respect to air and i, is the Brewster’s angle. 


(a) Describe a simple experiment (or activity) to 
show that the polarity of emf induced in a 
coil is always such that it tends to produce 
a current which opposes the change of 
magnetic flux that produces it. 


(b) The current flowing through an inductor of 
self inductance L is continuously increasing. 
Plot a graph showing the variation of 
(i) Magnetic flux versus the current 
(ii) Induced emf versus dI/dt 
(iii) Magnetic potential energy stored versus 

the current 


OR 
(a) Draw a schematic sketch of an ac generator 
describing its basic elements. State briefly its 
working principle. Show a plot of variation 
of 
(i) Magnetic flux and 
(ii) Alternating emf versus time generated 


by a loop of wire rotating in a magnetic 
field. 


(b) Why is choke coil needed in the use of 
fluorescent tubes with ac mains? 


(a 


< 


State briefly the processes involved in the 
formation of p-n junction explaining clearly 
how the depletion region is formed. 


(b) Using the necessary circuit diagrams, show 
how the V-I characteristics of a p-n junction 
are obtained in 
(i) Forward biasing 
(ii) Reverse biasing 

How are these characteristics made use of in 

rectification. 

OR 

(a) Differentiate between segments of a 
transistor on the basis of their size and level 
of doping. 

(b) How is transistor biased to be in active 
state? 

(c) With the help of necessary circuit diagram, 
describe briefly how n-p-n transistor in CE 
configuration amplifies a small sinusoidal 
input voltage. Write the expression for the ac 
current gain. 


SOLUTIONS 


1. 


Mobility : It is defined as drift velocity per unit 
electric field. 


ie, u= 2 
E 
SI unit of u = m° V's. 
Modulation index, 
_ Amplitude of modulated signal (A,,,) 


Amplitude of carries wave (A,) 
Here, A,,=1m,A,=2m 


1 
u 5 0.5 

If the field were not normal to the equipotential 
surface, it would have a non zero component 
along the surface. So to move a test charge against 
this component, a work would have to be done. 
But there is no potential difference between 
any two points on an equipotential surface and 
consequently no work is required to move a test 
charge on the surface. Hence the electric field 
must be normal to the equipotential surface at 
every point. 


As the glass bob is non-metallic, so it will reach 
the ground earlier than the metallic bob. As the 
metallic bob falls, it intercepts Earth’s magnetic 
field and induced currents are set in it which 
oppose its downward motion. No such currents 
are induced in case of non-metallic bob. 


The variation of resistivity of copper with 
temperature as shown in figure. 


E 
2 
© 
TK) —> 
i L 
P 
M M 


(a) (b) 


From figure, focal length of lens, 
= OP = 20 cm 
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af, 


12. 
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The magnetic force experienced by the charge q 
moving with velocity V in magnetic field B is 
given by Lorentz force, F = q(V x B) 

The direction of the Lorentz force is perpendicular 
to the plane containing V and B. Its direction is 
given by right-handed screw rule. 


Xin given diagram is represent the communication 
channel. It carries the modulated wave from the 
transmitter to the receiver. 


If the relative permeability is greater than unity i.e. 
u,> 1, then the material is paramagnetic material. 
Hence, ‘A’ is paramagnetic material and its 
susceptibility is positive. 

If relative permeability is less than unity ie. 
u, < 1, then the material is diamagnetic material. 
Hence, ‘B’ is diamagnetic material and its 
susceptibility is negative. 


Here, E=5x10°N/C 

Side of square = a = 10 cm=0.1m 

Area of square, S = a” = (0.1) = 0.01 m? 

Case I: Area vector is along x-axis, 

5=0.01 m? _ 

Required flux, $= E:S 

= =(5x10° i)-(0.01i) 

=> o=50Nm/C 

Case II : Plane of the square makes a 30° angle 

with the x-axis. 

Here, angle between area vector and the electric 

field is 60°. 

So, required flux, 6’ = E-Scos0 
= (5 x 10°)(107) cos60° 
=25Nm7/C 


For a single slit of width “a” the first minima of 
the interference pattern of a monochromatic light 
of wavelength A occurs at an angle of (A/a) because 
the light from centre of the slit differs by a half of 
a wavelength. 

Whereas a double slit experiment at the same 
angle of (A/a) and slits separation “a” produces 
maxima because one wavelength difference in 
path length from these two slits is produced. 


Here, R represents OR gate and S represents AND 
gate 


The output Y of the given combination of gates 
Y=Y'A 
Truth table for the given combination 
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A|B|Y’=A+B)Y=Y’A 

0 |0 0 0 

0}1 1 0 

1/0 1 1 

1} 1 1 1 
OR 


Here, P represents NAND gate and Q represents 

OR gate. 

The output X of the given combination of gates 
X =(B+X’) 


Truth table for given combination 
A X’ = AB | X =(B+X’) 
1 1 


PRP O © 
POF OW 


1 1 
1 1 
0 1 


Kirchhoff’s first rule : The algebraic sum of all the 
current passing through a junction of an electric 
circuit is zero. 


Here, L, L, I, 1, and I, are current in different 
branches of a circuit which meet at a junction. 
I,+1,-1,+1,-1,=0 

This rule is based on the principle of conservation 
of charge. 

Kirchhoff’s second rule : The algebraic sum of 
the applied emf’s of an electrical circuit is equal 
to the algebraic sum of potential drops across the 
resistors of the loop. 


Mathematically, 
Le=XIR 
This is based on energy conservation principle 
€ 
Ry Ry 
Eg 


Using this rule, 
& -8 =IR, +IR, 


14. 


15. 


16. 


17. 


18. 


For the RC circuit, 


Impedance, Z = 4 R° + (1/ oC)? 


Current, I = o (i) 
Z 

Case I : When a dielectric slab is introduced 
between the plates of the capacitor, then its 
capacitance increases. Hence, from equation (i), 
impedance of the circuit is decreased and the 
current through it is increased. So, brightness of 
the bulb will increase. 

Case II : The resistance R is increased and 
capacitance is same. Hence, from equation (i), 
impedance of the circuit is increased and the 
current flowing through it is decreased. So, 
brightness of the bulb will decrease. 


Refer point 3.3-5 page no. 157 (MTG Excel in 
Physics). 

Given, 

Length of electric dipole, l = 4 cm = 0.04 m 
Charge, q = +8 nC = +8 x 10°C 

Torque, = 4/3 Nm, 0 = 60° 

Potential energy, U =? 


As T = pEsinð . (i) 
U=-pEcos0 . (ii) 
Dividing equation (ii) by (i), we get 
U _ —pEcos® 
— =——— = -coth 
t  pEsinð 


=> U=-tcot0 
1 


> U = -(4/3)cot 60° = -443 x T> 
=> U=4J 


For same accelerating potential, a proton and a 
deutron have same kinetic energy. 
(a) de-Broglie wavelength is given by 


p J2mK J2m(@qV) 
1 
So, ee — 
O T 
Mass of a deutron is more than that of a proton. 
So, proton will have greater value of de-Broglie 
wavelength. 


(b) Momentum, p = 42 mK 
pœ vm 


Mass of a deutron is more than that of a proton. 
So, a proton has less momentum. 


(i) Given, 

v =6.0 x 10 Hz 

p =2.0 x 10° W 
Let n is the number of photons emitted by the 
source per second. 


jata 
E h 


2x10 
6.63 x 10™ x (6.0 x10") 
=5 x 10” photons per second. 


(i) 


= 0.0502 x 10” 


> 


Photoelectric current —» 


O Intensity of —» 
incident radiation 


19. Here, AE = 12.5 eV 


Energy of an electron in n orbit of hydrogen 
atom is, 
E, =-—z- eV 
n? 

In ground state, n= 1 
E, =-13.6 eV 
Energy of an electron in the excited state after 
absorbing a photon of 12.5 eV energy will be 
E,=-13.6+12.5=-1.1eV 

yee -13.6 _ _ -13.6 


—— = 12.36 
E -1.1 


> n=35 

Here, state of electron cannot be fraction, 
So,n=3 

The wavelength à of the first member of Lyman 
series is given by 


1 1 1 3 
=R =—R 
A È =| 4 
4 4 
3R 3x1.097x107 
= ì=1.215 x 10” m 
=> à=121 x 10° m 
=> à=121 nm 
The wavelength A’ of the first member of the 
Balmer series is given by 


1 =") 3 5l- 5 R 
A 2° 3 36 


36 36 
5R 5x(1.097 x107) 
=6.56 x 10” m 


=656 x 10° m 
=656 nm 


> à= 


> à 
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21. 


22. 


84 


G) A transmission tower transmits 
electromagnetic waves such as microwaves, 
exposure to these waves can cause severe health 
hazards like cancer and tumour. Also transmission 
tower (antenna) works on a very high power, so 
the risk of someone severely gets burnt increased 
in residential area. 

(ii) Sunita has displayed awareness towards the 
health and environment of society by objecting to 
this move of her parents. 

(iii) Here, R = 6400 km = 64 x 10° m; h = 20m, d=? 
Range of the transmitting antenna, 


d= J2 hR 
= 2x (20) x (64x 10°) 


= 4x 64x 10° 


= d=16000m 


6V 


5 2 


Net resistance of the circuit, 

R=(R,,+5)=10+5=15Q 

Current flowing in the circuit, 
Vba 

R 15 

Potential drop across AB = IR, 


=É x10=4V 
15 


e.m.f. of primary cell, € = “Van 
Here, I= 40 cm, L= 100 cm, V,,=4 V 
40 
€ =—x4=1.6V 
So, £= 0 


(a) Refer point 6.9-2 page no. 347 (MTG Excel in 
Physics). 

(b) Separation between eye-piece and 

objective, 

L=14cm, 

m=-20,m,=5, D=20 cm, f =?, f,=? 

Magnification of eye-piece when image is formed 

at the least distance for clear vision 


wld 
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23. 


24. 


=> f,=5cm 
Net magnification of the compound microscope 
when image is formed at the least distance for 
clear vision 


> -20 = “(142) 
fo 
7 
= 10=—(5) 
fo 
=> f 35 3.5 om 
10 


The formation of the image of the cell phone 
is shown in fig. The part which is at R will be 
imaged at R and will be of the same size, i.e., 
Q’R = QR. The other end P of the mobile phone is 
highly magnified by the concave mirror. Thus the 
different parts of the mobile phone are magnified 
in different proportions because of their different 
locations from the concave mirror. 

(b) At first sight, it appears that the image will be 
half of the object, but taking the laws of reflection 
to be true for all points of the mirror the image 
will be of the whole object. However, as the area 
of the reflecting surface has reduced, the intensity 
of the image will be low. 


(a) Refer point 1.11 page no. 16 (MTG Excel in 
Physics). 
+ + 4+ 4+ + + + 
0 S, 
d c 


Electric field inside a parallel plate capacitor = E 
Here, electric field is conservative. Work done by 
the conservative force in closed loop is zero. 


25, 


26. 


So, required work done = 0 
OR 
(a) Refer point 1.11-4 page no. 15 (MTG Excel in 
Physics). 
(b) Surface charge density, 
_ Net charge (q) 
~ Surface area (A) 


For spherical conductor of radius, R, 
o = ...(i) 


~ AmR? 
For spherical conductor of radius, R, 
92 vs 
0, = we (ii 
> AnR? i) 


Also, q = CV; V, = V, 
[as they are connected through conducting wire.] 
So, q œ C 


n 4mR, 
q2 4nR, 
a fihi 
qo R 
Dividing equation (i) by (ii), we get 
Jı 


o, _ 4nRi m Ro _ R Rs _ R 


Oo b&b gm R R KR R 
4nR> 
4 Si swe 
o R 


(a) Refer point 3.2-1 page no. 155 (MTG Excel in 

Physics). 
(b) Magnetic field due to a current carrying 
solenoid, 
B=p nl 
where, n = number of turns per unit length 

I= current flowing in the solenoid 

(i) The magnetic field due to solenoid S, will 
be in the upward direction and due to solenoid 
S, will be downward direction (by Right-hand 
screen rule) net magnetic field at a point inside on 
the axis of the combined system, 

By =B,-B, 
=> By=H Ml - ugn I 
= By = pol(n, = 1) 
= By =Uol(n, =m), 

along AB (i.e. upward direction) 

(ii) Magnetic field at point outside the combined 
system is zero. 


(a) Microwaves are suitable for the radar system 
used in aircraft navigation. Range of frequency of 
microwaves is 10° Hz to 10'* Hz. 

(b) If the Earth did not have atmosphere, then 
there would be absence of green house effect of the 


27. 


28. 


atmosphere. Due to this reason, the temperature 
of the earth would be lower than what it is now. 
(c) An em wave carries momentum with itself 
and given by 

P= Energy of wave (U) 


7 Speed of the wave (c) 


(a) Refer point 8.4-11 page no. 487 (MTG Excel in 
Physics). 
(b) (i) The B* decay of 7[Na is given by 
Na —> pNe +e” +v 
If the unstable nucleus has excess protons than 
needed for stability, a proton converts into a 


neutron. 
p—ntett+v 


where e is a positron and v is a neutrino created 
during the process. 
(ii) A nucleus 7jNa is formed in the decay of the 


nucleus 7;Na. Both the nuclei are isobar because 
they have same mass number. 


(a) (i) There is no exact relation between phases 
of light waves from two different sources. So, 
they are incoherent. Due to this reason, two 
independent monochromatic sources of light 
cannot produce a sustained interference pattern. 
(ii) Displacement of two waves are 

y; = acoswt 

Y, = acos(wt + p) 
where is the phase difference between them. 
Resultant displacement at point P is given by 
superposition principle, 
Y =y; + y,= acoswt + acos(wt + >) 

= a(cosat + cos(at + >)) 


sa| reo fetta cos eiae 


y= 2acos ot+ 2) cos) (i) 


Let 2a cos) = A , then equation (i) becomes 


y= Acos wr 2) where A is the amplitude of 
resultant wave. 
Now, A= 2acos{ 9 
Squaring both sides, we get 
A? = 4a’ cos” 2) 
2 
Since, intensity œ% (amplitude)? 


Hence, resultant intensity, I = 4], cos? 2) 
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where, 1 = intensity of the source. 
(0) : 
I = 41, cos?| + ses 
Œ) 1=4l, (2) (i 


Given, for path difference A intensity of resultant 
light wave is K units 
We know, 


Phase difference = = x path difference 
> = au x= 20 
À 


Plug in the given values in equation (i), we get 


K=4I, cos? 22) 
2 
= K=Al,cos*(n) 


> h=—> 
4 „ (ii) 
If path difference is 4/3, then phase difference is 
given by 
, 2m À 27 
o = — X — = — 
à 3 3 


Required intensity, 


r=4 S cos? a 
4 2x3 


2 4 
> I =— units 
OR 
(a) Refer point 6.15-7 page no. 414 (MTG Excel in 
Physics). 
(b) Refer point 6.15-9 page no. 415 (MTG Excel in 
Physics). 
29. (a) Refer point 4.1-6 page no. 224 (MTG Excel in 
Physics). 


(b) (i) Suppose current I is flowing through an 
inductor of self inductance L. Then magnetic flux 
linked with the inductor is given by 

o=LI 

Magnetic flux versus the current graph, 


I(A) > 
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(ii) Induced emf versus dI/dt graph 
do 2 d ek dI 
dt dt dt 


e=- 
dt 


dl/dt (As1)—> 
(iii) Magnetic potential energy stored versus the 
current graph. 


igen 
2 


u (J) 


EN = 
OR 
(a) Refer point 4.8-2 page no. 252-253 (MTG Excel 
in Physics). 
p = BA cos œt 


(Wb) 


(b) Refer point 4.8-3 page no. 253 (MTG Excel in 


Physics). 
30. (a) Refer point 9.3-2 page no. 532 (MTG Excel in 
Physics). 
(b) Refer point 9.3-4,5,6 page no. 533-534 (MTG 
Excel in Physics). 
OR 
(a) Refer point 9.4-2 page no. 537 (MTG Excel in 
Physics). 


(b) A transistor will be in active state if 
(i) the input circuit is forward biased and 
(ii) the output circuit is revers biased. 
(c) Refer point 9.4-8 page no. 540 (MTG Excel in 
Physics). 
EHE 


YOU ASKED 
WE ANSWERED 


Do you have a question that you just can't get answered? 
Use the vast expertise of our mtg team to get to the bottom 
of the question. From the serious to the silly, the controversial 
to the trivial, the team will tackle the questions, easy and 
tough. 

The best questions and their solutions will be printed in this 
column each month. 


Q1. The minimum force required to just move 
a body up an inclined plane is three times the 
minimum force required to prevent it from sliding 
down the plane. If the coefficient of friction between 
the body and the inclined plane is 1/2, the angle of 
the inclined plane is 

- Mr. Krishna Kishore (Puducherry) 
Ans. When the body 
is neither moving up 
nor sliding down, i.e., at 
equilibrium, 


N = mgcos0 

mgsinð = fy, <0 
Now, the static frictional force, 
(A = uN 


> tan@ = u. 
The angle of the inclined plane is 


7 f1 
Omax = tan (i = b nax = tan (5) 
or Omax = 26°34’. 


Q2. Why is it that the wind screen wipers are not so 
efficient for clear visibility in foggy conditions? 


— Swagat Sourav 
Ans. One has to understand what fog, mist and rain 
are. A mist is a thin fog. Itis a watery vapour seen in the 
atmosphere. Fog is a thick mist where water vapours 
are condensed about dust particles. A thick fog can 
make even buildings invisible. One cannot use wipers 
to remove it. Heating wires are provided in many cars 
in the rear and front glass. This is very important for 
cold countries. Rain prevents visibility when the wind 
screen is drenched in rain. Here wipers are useful. In 
fog, one has to also use powerful yellow head-lights 
which makes visibility better for driving the car, even 
though one has to drive very slowly. 


Q3. Ifa bucket is full of hot water and both hands 
are dripped in it. Keeping one hand steady, if the 
other hand is waved in water, the steady hand feels 


more hot than the other. Why is it so? 
— Shubham Halyal 


Ans. By keeping the hand steady, you are not 
disturbing the temperature gradient. Water is hotter 


at the top portion, because of density difference. If one 
waves the hand in water, one is mixing the water to 
make the temperature uniform, which is lower than 
the maximum at the top. 

You can also try another experiment. Keep the back of 
one hand in front of a wire heater and continuously 
move the back of the other hand. You will find the 
same effect. 


Q4. Why are oil stains on a road usually oval, with 
the long axis parallel to the traffic flow, and often 
annular (ring-like)? — Arun Mishra (Bihar) 
Ans. When an oil drop leaks from a moving vehicle, 
its speed through the air is initially the vehicle’s speed. 
If the speed exceeds a certain critical value, the drop 
is blown into a bubble resembling a soap bubble on 
a circular hoop before the bubble breaks free. The 
inflated protion of the bubble is quickly blown apart, 
while the rim breaks up into droplets, which form 
an oval ring when they hit the road. If the pattern is 
examined soon after forming, the individual droplet 
stains can be distinguished. 
Raindrops are limited in size by a similar process. If a 
falling drop becomes too large, the air blows it into a 
bubble and then pops the interior. 
Q5. Why is the sky bright during the daytime? 
Apparently, the atmosphere somehow deflects the light 
toward you. However, if air is transparent, why doesn’t 
the sunlight pass through it without deflection? 

— Nitin Verma (New Delhi) 
Ans. This question is often answered in terms of 
Rayleigh scattering, a model about how light scatters 
from air molecules. 
Albert Einstein pointed out that were this answer 
complete, the sky would be dark during the daytime. 
To follow his argument, consider an overhead air 
molecule that scatters light to you. For simplicity, 
suppose that sunlight has only one wavelength. You 
also receive light scattered by other molecules that 
lie along the path extending from the first molecule 
to you. One of them should be positioned so that the 
light wave it sends to you arrives exactly out of step 
with the light wave from the first molecule. These two 
waves cancel to give darkness as shown figure. Since, 
on average, every molecule should have a partner 
molecule that cancels the light send your way, you 
should receive no light, and the sky should be dark 
except directly toward the Sun. Right? 


From Sun 
Molecule 


Canceling partner 


To you on ground 


Light waves cancel when scattered by two molecules 
half a wavelength apart 
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Light scatters from the air molecules according to 
Rayleigh’s model, and Einstein’s argument should 
apply. However, as Einstein noted, the sky is not dark 
because the atmosphere’s density is not uniform. 
Moreover, the molecules continuously move and 
accumulate briefly, removing the possibility that at any 
given instant the light scattered from every molecule 
is eliminated by a partner molecule, the sky is bright 
because the density of air molecules is nonuniform 
and fluctuates in time. 


Q6. For a concave mirror, a virtual image can be 
anywhere behind the mirror. For a convex mirror, 
however, there is a maximum distance at which the 
image can exist behind the mirror. Why? 

— Vijay Kumar (AP) 
Ans. Let us consider the concave mirror first and 
imagine two different light rays leaving a tiny object 
and striking the mirror. If the object is at the focal 
point, the light rays reflecting from the mirror will 
be parallel to the mirror axis. They can be interpreted 
as forming a virtual image infinitely far away behind 
the mirror. As the object is brought closer to the 
mirror, the reflected rays will diverage through 
larger and larger angles, resulting in their extensions 
converging closer and closer to the back of the mirror. 
When the object is much closer to the mirror than the 
focal length, the mirror acts like a flat mirror, and the 
image is just as far behind the mirror as the object 
is in front of it. Thus, the image can be anywhere 
from infinitely far away to right at the surface of the 
mirror. For the convex mirror, an object at infinity 
produces a virtual image at the focal point. As the 
object is brought closer, the reflected rays diverge 
more sharply and the image moves closer to the 
mirror. Thus, the virtual image is restricted to the 
region between the mirror and the focal point. 


Q7. The isotope 146C is radioactive and has a 
half-life of 5730 years. If you start with a sample of 
1000 carbon-14 nuclei, how many will still be around 


in 17190 years? — Santosh Singh (Rajastan) 
Ans. In 5730 years, half the sample will have 


decayed, leaving 500 radioactive ¢C nuclei. In 
another 5730 years (for a total elapsed time of 
11460 years), the number will be reduced to 250 nuclei. 
After another 5730 years (total time 17190 years), 125 
nuclei remain. 

These numbers represent ideal circumstances. 
Radioactive decay is an averaging process over a 
very large number of atoms, and the actual outcome 
depends on statistics. Our original sample in this 
example contained only 1000 nuclei, certainly not 
a very large number. Thus, if we were actually to 
count the number remaining after one half-life 
for this small sample, it probably would not be 
exactly 500. 
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Q8. It is a common observation that as a lghtbulb 
ages, it gives off less light than when new. Why? 
— Rubby Yadav (Bihar) 

Ans. There are two reasons for this, one electrical and 
oneoptical,butbotharerelatedtothesamephenomenon 
occurring within the bulb. The filament of a lightbulb 
is made of a tungsten wire that, in old lightbulb, has 
been kept at a high temperature for many hours. These 
high temperatures cause tungsten to be evaporated 
from the filament, decreasing its radius. From 
R= pl/A, we see that a decreased cross-sectional area 
leads to an increase in resistance of the filament. This 
increasing resistance with age means that the filament 
will carry less current for the same applied voltage. 
With less current in the filament, there is less light 
output, and the filament glows more dimly. 
At the high operating temperature of the filament, 
tungsten atoms leave the surface of the filament, much 
as water molecules evaporate from a puddle of water. 
These atoms are carried away by convection currents 
in the gas in the bulb and are deposited on the inner 
surface of the glass. In time, the glass becomes less 
transparent because of this tungsten coating, which 
decreases the amount of light that passes through the 
glass. 
Q9. Suppose a point charge +Q is in empty space. 
Wearing rubber gloves, you proceed to surround the 
charge with a concentric spherical conducting shell. What 
effect does this have on the field lines from the charge? 

— Divya Sharma (Maharashtra) 
Ans. When the spherical shell is placed around the 
charge, the charges in the shell rearrange to satisfy 
the rules for a conductor in equilibrium. A net charge 
of — Q moves to the interior surface of the conductor, 
so that the electric field inside the conductor becomes 
zero That is, the field lines originating on the +Q 
charge terminate on the — Q charges. The movement 
of the -Q charges to the inner surface of the sphere 
leaves a net charge of +Q on the outer surface of the 
sphere. Thus, the only change in the field lines from 
the initial situation will be the absence of field lines 
within the conductor. 


Q10. Suppose scientists had chosen to measure 
small energies in proton volts rather than electron 
volts. What difference would this make? 

— Puja Pawar (Delhi) 
Ans. There would be no change at all. An electron 
volt is the kinetic energy gained by an electron in 
being accelerated through a potential difference of 1 
V. A proton accelerated through 1 V would have the 
same kinetic energy, because it carries the same charge 
as the electron (except for sign). The proton would be 
moving in the opposite direction and more slowly 
after accelerating through 1 V, due to its opposite 
charge and its larger mass, but it would still gain 1 


electron volt, or 1 proton volt, of kinetic energy. wie 


lhl) MUSING 


SOLUTION SET-8 
1. (a): Here, T=20s, A =5 cm 
_ 27 2n ee -1 
T 20 10 


x =5sin| —t 
to 


Angle made by the particle to go 
from x =4 cm to x =-3 cm, 0 = 0) +02 


seg hein 12 =59° + 37° = 90° = 


m/2 _ 
m/10 — 


nC; 


(@) = Wor 209 = Wor 


(3) 
Since 0 = wt aa =—= 
o 


2. (b): Since angular 
momentum is conserved, 


Loi = Lf 


(mog)(r) - [pm] 
3. (d): Heat of radiator, P = ao 


Pt 
or pa, 5 =— 
t 
4. (b): Letsurface charge density of disc be o. Consider 
a small ring element dr at a distance r from centre. 
Magnetic field at the centre due 
to this element, 


dB = bal 2 © oan 
2r\ 2n 


r 
Magnetic field at the centre 


due to the disc, 


€ 


B= hoof dr — Poo(R 
2. k 
Now o= q 
n(R} - R?) 
Uo qo Uoga 


=. R,-R 
Qn (aaah a 2n(R, + R,) 
5. (c) : Missing ones are dark fringes 
Pa -a-[n-F)n 


2 2 
For nzi s4 > L-2 
2d 2 d 
W 3 b? 
For n=2, —= pz À = — 
2d 2 3d 


6. (c) : Work done by 2”4 object on 1*t object 


1 1 ' 
W, = AKE, = zoi - zm sili) 
Work done by 1° object on 2" object 
W, = AKE, = Smo - 5M (i) 


Now in elastic collision of two objects total KE before 
collision = total KE after collision 


De a he oe Ne Ne 
mu, + MU, = mv; + Mm,0 


2 2 2 oe 

1 1 1 a 
=> J mo? 5 MyUy = A muz J My05 ..- (iii) 
from (i), (ii) and (iii) 
oe Wi == W2 


7. (d): Let the distance from 
the centre of the sun to the sphere 
be x and density of sphere be p. 


pa=F=| xk? 
c 


E 


= 2 
E 

Anx7t 

from equations (i) and (ii) 


GM; p t)ar") 


Now, intensity, Į = 


c x 


R= a 
> 16nGM, pet = xis independent of R. 


8. (a): Length of the wire remains same, 
4L=2nr or 2L =r 
T 
Initially, Area of the frame, A; = L?, Area of frame after 
transformation 


2 
a nr? -7(24) - z 
T 


T 
Induced emf, £ = a — pA 
dt dt 


Since change in area is positive, therefore induced 
emf is such that it opposes the current in the loop. 
So, according to Lenz law, current in the frame is in 
clockwise direction. 

9. (b): If the capacitor has greater than E potential 
initially, its potential will decrease and graph is first 
one. When capacitor has less than E potential initially, 
it will follow the second graph. 


de 
10. (c): As pe k 
21 2l u 
Here, Ty > Tm h= lu, wr = Unand vy = vy, 
=> n<ny 
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